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The branches of mathematics comprehended in this 
tolmne have usually made a part of the course of instruc- 
tion at the public seminaries of the United States. But 
the best treatises upon these subjects are too extended, 
and of too practical a nature, to be used as a text-book. 
What is here oflfered is intended to furnish only those 
general principles and leading methods, which afford a 
useful exercise to the learner, and which may be consid- 
ered as belonging to the pursuit of liberal studies. The 
works principally used in preparing this treatise are Ca- 
gnoli and Bonnycastle's Trigonometry, Delambre's As- 
tronomy, B6zoufs Navigation, Puissant and Malortie's 
Topography. The tables, except those of meridional 
parts and astronomical refractions, are from the stereo- 
type plates of Bowditch's Practical Navigator, the cor- 
rectness of which is too well known to need any recom- 
mendation. 

JOHN FARRAR, 
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CHAPTER I. 

Of Projections and the Construction of Charts. 

1. The position of a point in a plane is determined by the 
position of any two lines passing through this point, since being in 
each of these lines it can only be at their intersection. 

When there are several points to be designated, the method gen- 
erally employed consists in taking two lines -4JB, AC {fig. 1), Fig. 1. 
perpendicular to each other, to which all the given points are re- 
ferred. The point J(f, for example, would have its position deter- 
mined by its distance from each of the lines AB^ AC. Indeed, if 
we take wJQ, equal to the first of these distances, and through Q 
draw QM parallel to AB^ the point proposed will be in this line ; 
it will also be in PJIf parallel to ACy and whose distance from AC 
• is equal to the distance of the point M from this line ; the point 
proposed, therefore, .being common to the two lines QM, PMj will 
be at their intersection M. 

2. When the question involves three dimensions, or relates to a 
body, we adopt a method similar to the preceding ; similar, indeed, 
to that employed by architects ; it is that of plans^ profiles^ and 
elevations. 

When a point is given in space, we can let fall from this point a 
perpendicular upon an assumed plane, and note the place where it 
meets the plane ; this is called the projection of the given point, 
and the assumed plane is called the plane of projection. 

Let us suppose, for instance, that all the points of a given figure 
are referred to a horizontal plane ; their projections would be the 

Top. 1 



3 Application of Trigonometry. 

intersections of a plumb-line meeting this plane from each point of 
the given figure, and the lengths of these lines will be the altitudes 
of the points respectively above their projections. 

3. If now we suppose a plane, raised perpendicularly to the 
horizontal plane, and let fall upon this second plane perpendiculars 
from each point of the given figure, these perpendiculars will give 
a second projection of the given figure representing the proper alti- 
tude of the several points above the horizontal plane. 
Fig. 2. Thus, let BAC {fg. 2) represent a horizontal plane, DAB a 
vertical plane, raised upon the line AB ; from the point M oi b. 
given object let fall the perpendicular MM^ upon the horizontal 
plane, and its foot M^ is the horizontal projection of the given point. 

From the point Jlf let fall also the perpendicular MM'* upon the 
plane DAB^ and the point Jl'' is the vertical projection of the 
given point. 

The two lines MMf, MM!'^ are evidently in the same plane, 
since they cut each other. The line M'M'"^ drawn in the horizon- 
tal plane perpendicularly to the line AB^ the common intersectioa 
of the two planes, will be perpendicular to the vertical plane, and 
consequently parallel to MM" ; and these three lines will be in the 
same plane, which is perpendicular to the vertical and also to the 
horizontal plane. It is evident that M'M" is equal to MM!^ that 
is, the vertical projection Ml' is at the same altitude above the hori- . 
zoutai plane as the point M. 

By proceeding in a similar manner with the point.P, we should 
have its two projections P^ P" ; and it is manifest (hat, while the 
vertical projections M"^ P"^ give the altitudes of the given points 
above the horizontal plane, the horizontal projections M\ P', will 
give the distances of the given points from the vertical plane. 

In order to represent the different parts of an edifice, an architect 
assumes a horizontal plane, to which are referred by perpendiculars 
the leading divisions and remarkable points of the edifice ; the de- 
sign thus formed is called a plan ; next another plane is taken in a 
vertical position, upon which are referred such points as are requir- 
ed to be noted, of the altitude at which they are actually placed 
above the horizontal plane. This with its delineations is called a 
section or profile, if it is supposed to pass through the interior, and 
the elevation, if it represent the outside of the building. 

This method, moreover, is made use of to represent the heights 
of objects near the earth's surface, as beacons, towers, the tops of 
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mouDtainSy &c. ; also the streets of cities, and the boundaries of 
fields, and generally figures occupying, by their projections, such a 
portion of the earth's surface, as may without sensible error be con- 
sidered as a plane. 

Of Orthographic Projection, 

4. According to the method, here given, which is called ortho' 
graphic projection^ a straight line perpendicular to the plane of pro- 
jection is represented by a point, and a line parallel to the plane of 
projection by a line of the same length. With respect to a straight 
line oblique to the plane of projection, it is represented by the dis- 
tance between the perpendiculars let fall from the extremities upon 

the plane of projection. Let AB {Jig. 3), for instance, be a line pig. 3. 
inclined at any angle to the plane of projection PL, AC being 
drawn parallel to P£r, the angle BAC will be equal to the inclina- 
tion of the line AB to the plane of projection PL, and A^B' =:AC 
is the projection of the line AB, Now 

.ABiACi.R: sin ABC or cos BAC {Trig. 30). 
Thus ra.dius is to the cosine of the inclination, as the line AB is to 
its projection A^B'. Therefore if we consider radius unity, Ihe 
projection of a line is equal to this line^ multiplied by the cosine qf 
its inclination to the plane of projection. If the line AB be con- 
sidered as unity, its projection AC will be the cosine of its inclina- 
tion simply. 

5. This kind of projection is employed in some cases to repre- 
sent a spherical surface. The sun and moon appear as circles, and 
the difierent parts of the hemisphere presented to us have appa- 
rently the same relative situation that they would have when pro- 
jected by means of perpendiculars let fall from each point upon the 
plane separating the visible from the invisible hemisphere. This is 
true of any sphere, whose distance, compared with its diameter, is 
so great that the rays of light proceeding from it and meeting in the 
eye may be considered as perpendicular to the plane of projection* 

6. If we imagine the semicircle DFU {Jig. 4) raised perpen- Fig. 4. 
dicularly upon the plane of the paper, the diameter DH remaining 

in this plane, and suppose the perpendiculars JPC, ZE, 8zx)., let fall 
from all the points of the circumference, these perpendiculars would 
meet the plane of the paper in a series of points forming the diam- 
eter DH' C being the centre, the arc FH will be 90^, and its 
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pnijetlkm CH m\l be equal to radius, that is, to the sine of 90^. 
lo like manner CE = LI = sin FI wilt be the projection of the 
arc FL fVhtn^ therefore^ an are has Us flane perpendicular to 
ike plane cf prcjulion^ and its origin at the perpendicular whiA 
passes through the centre^ the orthographic projection of this arc is 
equal to its sine. 

7. If the plane of the circle instead of being perpendicular b 
iDcrmed to the plane of prcgection, the ordinates FC, lE^ be., 
falling upon the diameter, will, with their projections CGr, EK^ &c., 
each make an angle equal to the inclination of the two planes, since 
the ordinates and their projections are respectively perpendicular 
to the diameter DH^ or the common intersection of the two planes 
{Geom. 349). Hence 

FC : CG : : R : cos inclination (4), 
and IE : EK :: R : cos inclination, kCf 

consequently FC : CG ::IE : EK, 

IE' : £'J?, fee. 
But the ordinates in a circle are to the corresponding ordinates in 
an ellipse iri a constant ratio, namely, as the semitransverse to the 
aemiconjugate {Trig. 114). We infer then thatDJS?Glf, the pro- 
jection of the inclined semicircle DIFH is a semiellipse, of which 
DCf equal to FC, is the semitransverse, and CG the semiconju- 
gate. The same may be proved by similar reasoning with respect 
to the other half of the circle. Therefore the orthographic pro- 
jection of an inclined circle is an ellipse^ of which the transverse aocis 
is equal to the diameter of the circle, and the conjugate to twice the 
cosine of its inclination to the plane of projection, radius being 
equal to one. 

We have supposed the plane of projection to pass through the 
centre of the inclined circle. Tlie above theorem, however, will be 
true, whatever be the distance of the inclined circle from the plane 
of projection ; for we may always suppose a plane parallel to that 
on which the projection is to bo made, and passing through the cen- 
tre of tlie inclined circle, and the figures determined by perpendicu- 
lars falling upon two parallel planes ^must evidently be the same. 

6. Orthographic projection is liule used for geographical maps, 
because it is liable to great errors when the map is of considerable 
extent. The difference between a small arc FI and its projection 
CE' is inconsiderable, and in this case the distance between two 
objects upon the earth's surface may without sensible error be rep-' 
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reseoted on a map by the distance CE\ But the more the point I 
approaches toward D or JET, the more will the increase of the arc 
Fl exceed the corresponding increase of its projection CE, and the * 
more considerable will be the etrors in the distances of places thus 
represented. Suppose lU = 60° = 2FI; then CE or LI=z sin 
30° =i CU{ Trig. 18). Therefore CE = EH, and consequent- 
ly the distances JJEf, FI, the first of which is double the second 
upon the globe, will be represented upon the map by equal lines.' 

The contraction which takes places toward the plane of projection 
will be evident from fig. 12, which is an orthographic projection of ^ig* 12. 
the sphere upon the plane of the equator, the meridians, having 
their planes pass through the eye, being represented by straight 
lines, and the parallels of latitude by circles whose radii are equal 
to the sines of their polar distances respectively, the radius of xbe 
equator being unity. 

Notwithstanding the inconvenience above mentioned, astronomers 
advantageously make use of this projection to represent and predict 
the circumstances of an eclipse, because, in this case, the question 
is not about the respective distances of places, but only to describe 
upon a geographical chart the curves which embrace pretty nearly 
the countries liable to be eclipsed, or the places from which the 
same or different phases may be seen. 

Of Stereographic Projection. 

9* The representation the most convenient for maps, which com- 
|Mrehend a large part of the globe, is one in which the eye is situ- 
ated in the surface of the sphere, the plane of projection passing 
through the centre perpendicular to the diameter which is directed 
to the eye. This is called stereographic projection. 

In orthographic projection the whole surface of a sphere may be 
represented upon the plane of a great circle as a base, to which all 
the visual rays are perpendicular. In stereographic projection only 
a hemisphere can be represented upon the plane of a great circle, 
the eye being supposed at the pole of this circle ; it is necessary 
that the plane of projection should be infinitely extended to admit 
of all the points of the sphere being represented at once. Each 
hemisphere, however, may be successively represented upon the 
plane of a great circle, by supposing the eye first in one pole and 
then in the opposite pole of this circle. 






6 ^Application of Trigonometry. 

Fig. 5. 10. UAO {Jig. 6) be perpendicular to jBJ>, O being the place 
of- the eye, BD will represent that part of the plane of projection 
comprehended within a great circle. This is called the primitive 
circle, being that to which all the others are referred* C, the 
centre of the primitive^ will be the projection of the point A, the 
pole of the primitive. 

Any circle of the sphere, if ^we except those whose plane passes 
through the eye, may be considered as the base of a cone formed 
by rays proceeding from the circumference of this circle to the eye ; 
and when the circle is parallel to the primitive, its representation 
upon the plana of projection is evidently a circle ; since the cone 
formed, as above described, is a right cone, and every section of a 
right cone, made by a plane parallel to the base, is a circle. When, 
however, the circle is oblique to the plane of projection, the Cone 
formed by the visual rays is also oblique. The circle for example, 
which has for its diameter the chord EF^ will be the base of a cone 
of which OEF is a section through the axis. Moreover, the sec- 
tion SJSTTf made by the plane of projection, is the projection of the 
circle EyF. It is proposed to determine the figure of this section. 
Through a?, the centre of the circle EyF, suppose a plane to pass 
parallel to the plane of projection, meeting the cone in S'yiy ; the 
two sections JSyjP, S'yT^ being perpendicular each to the plane 
OEF, the common intersection x y will be perpendicular to the 
plane OEF, and consequently to each of the straight lines EF and 
S'T^ situated in this plane. Then, since the angle OTS is meas- 
ured by half the sum of the arcs OB, DFf, or half of OVF, it is 
equal to OEF, which is also measured by half of ODF (Creom. 
126.) 

Also, since S'T is parallel to ST, the angle 'O 2^5' is equal to 
OTS, and consequently equal to OEF» Therefore the triangles 
ExS\ TxF, having two angles of the one respectively equal to 
two angles oi the other are similar ; whence 

Ex :xT :i S'x : xF, 
and 

S'x X ocT =zEx X ocF, 

t Suppose a straight line Ff drawn through the point JFparallel 
to DB, we shall have Bf=: DF {Geom. 112), and the angle Olf 
= OTS. But the measure of the angle OFf is i OBfzz: i OJDF, 
therefore this is also the measure of th^ angle OTS. 
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But Exy xFf X ifj being radii of the same circle EyF, 

— ^3 

Ex X (cF z=zxy; 
consequently 

S'x X xT =^ a?y; 
and as this is the case however oblique the two sections EyF and 
S^yiy are to each other, that is, upon whatever part of S'jy the 
ordinate xy falls, the section S'yT' must be a pircle {Trig. 103). 

Now suppose a plane ORJ^ passing through the axis OR and 
making any angle with tlie plane OS^iy^ we shall have by similar 
triangles 

OR I OR I I RS' : RS 
itRJSr iRJV; 
whence, on account of the common ratio, 

RS'tRS iiRJ^.RJ^ 
or RS' : RJV' : : RS : RJV. 

But R'S\ R'J^j are equal, being radii of the same circle ; conse- 
quently RSf /ZJV, are also equal ; and as this is true, whatever 
angle the plane OjR'A^ makes with OS'T^ the section SAT is a 
circle. Therefore, in stereographic projection^ every circle of the 
sphere^ whose plane does not pass through the eye, is represented on 
the plane of projection by a circle, 

11. Let P {fg, 6) be the pole of the circle EF, The angles Fig. 6 
FOE, POF, are equal {Geom. 126); and the straight line POy 
bisecting the angle EOFj will divide the diameter JEIF, and its 
projection ST into unequal parts, making SK less than KT 
{Geom, 201). Bisect STin m, and we shall have 

Cm = distance of the centre of the projected circle from tlie 
centi*e of the primitive ; and 

Sni = to the radius of the projected circle. Call Cm d^ and 
Smr. 

Now, since CS, Cm, CT, are in arithmetical progression {Alg. 

233), we shall have 

2Cm=zCT+ CS =2 tang iAF + tang ^AE 

_ sin(M^+^^^)t 
cos § AF cos i AE 

t The formula tang a + tang a = ^"^ ^^"^ ^''^^^ i^^S- 29), 
when JR = OCz=. 1, a = J AP and 6 = i AE, becomes 
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sin (iAP+i AE) 



and 



cos i {AP + PE) cos i {AP — PE) 
i (cos AP + cos PE) ^ 

Cm or rf = . n i 5io' C^) 

cos ilP -4" ^^^ ^^ 



In like manner 

2Sm= CT— CS = tangiw«F— tang J^JB 

_ sin(}iijP— }ii£) 
cos J ^F cos § il^ 

sm{iAF—iAE)ii 



cos i (^P + P^) cos i (ilP — F17) 
sinPJS 



■~ \ (cos ilF + cos PE) 
and 

cos iljP + cos PE' ^ ' 

Fig. 7. 12. Suppose PE (^. 7) = 0, and the formula 

sin^P 



d = 



cos AP + cos PE" 



, >•« . , ^r, sin(iilP+i^E). 

tang \ AP + tang J ilE = V . ^ ' ^ . ^^ 

^" ' ®^ cos j|. -4 F cos J ilE 

I il£7, AP, AF, being by construction in arithmetical progression^ 
AP=:i {AF + AE) z= J ilP + ^AE. 

Moreover from the formula 

2 

cos a -|- cos ^ = p cos ^ (« + &) cos J (a — 6) ( Trig. 29,) 

if we put R =:!, a = ilP and 6 = PE, and divide both mem- 
bers bj 2, we shall have 

i (cos ^P + cos PE) = cos ^ (^P + PE) cos i {AP — PE.) 

ft It will be observed that the steps in this investigation do not 
differ from those just explained, except in the application of the 
formula for the difference of the tangents instead of that for the 
sum. It is obvious that AF = AP + PE, and AE=iAP — PE, 
by construction. Also J AF — J AE = I {AF — AE) = PE, 
since AE, AP, AF, being in arithmetical progression, the differ- 
ence {PE) between AE and AP is half the difference between 
AE and AF. 
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since cos = 1, becomes 

. _ sin AP __ 2 sin ^Pcos} ilPt _ sin j AP 

""cOS^P+1"" 2{C08i^P)2 "■ COS i AP 

= tang I AP. 
The formula (2) in this case becomes 

sin PE 

T :^i zn. 0. 

COS AP -f- COS PR 

Thus the circle is reduced lo a point, namely, the pole, and the 
projection of this pole will be the point JP, and CK = tang \ AP. 

Therefore the projection of a point P has for its distance from 
the centre of the primitive the tangent of half its distance on the 
sphere from the pole of the primitive, 

13. ItPE = 180^, r is still = 0, but 

7 sin AP sin AP sin AP 

"" cos AP + cos PE "" cos AP + cos ISQo "" cos AP — 1 

= — cot i^P. J 

The projection of the opposite pole K therefore will be upon 
CB produced to a distance CK = — cot ^ w3P, the sign — signi- 
fjing that it falls on the other side of C with respect to K. 

14. Suppose PE {fg. 8), = 90^, the chord EF will be a Fig. 8. 
diameter, and the circle to be projected will be a great circle ; and 

the formula 

7 sin AP 



cos AP -|- cos PE' 

since cos PE = cos 90 = 0, becomes 

, sin AP 

cos AP 

= tang AP. 



t The formula sin 2 a = ^iHL^^^^ (^Trig. 29), when JR = 1, 

and a = J AP, becomes sin -4 P = 2 sin J il P cos i AP; and the foi^ 

2 cos a^ R^ 

mQlacos2a=: ^ , with the same substitutions, becomes 

cos ^P = 2 (cos i AP)^ — 1, or cos ^P + 1 = 2 (cos J AP)^. 

^ -^ 1 ^ , sin a cot i a , -. , , 

I From the formula z= ^ — — — , when JK = 1, and a = 

H cos a K 

i ilP, we have, by changing all the signs {Alg. 57) the above ex- 
pression. 

Top. % 
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Thus t?ie distance of the centre of a projected great circle from the 
centre of the primitivCf is equal to the tangent of the distance of its . 
pole from the pole of the primitive, or, which is the same things 
equal to the tangent of the inclination of the great circle to the 
plane of projection. 

16. The other formula in this case, namely, 

— sinP^ 

^ "" cos ilP + COS PE* 

becomes 

_ 1 

cos AP 
= sec JlP. 

Therefore, the radius of a projected great circle is equal to the 
secant of the distance of its pole from the pole of the primitive, or 
the secant of the inclination of the great circle to the plane of pro- 
jection. 

16. With the radius of the circle to be projected, and the dis- 
tance of its centre from the centre of the primitive, it is easy to 
describe the circle upon the plane of projection. But it is to be 
remarked that the centre m will he in the plane of the great circle 
which passes through the poles A, P, that is, upon the radius CD 
directed to the point D, where the perpendicular arc PD falls. 

These simple formulas answer for all great circles. 
Fig. 9. 17. If AP {fig. 9) = 0, the pole of the given circle becomes 
the pole of the primitive, and from the formulas (1) (2) we have 

j__ BJnAP _ ^ 

cos AP -|- cos PE 

^ -^ cos AP +coa PE -^ I + cos PE "" ^^"^ ¥ ^^ T- 

From these formulas it appears that all circles parallel to the 
plane of projection have for their projected centre, the centre of the 
primitive, and for their radii the tangent of half their distances 
respectively from the pole of the primitive. 
Fig. 10. 18. UAP {fig. 10) = 90°, the general formulas become 

, sin ilP __ 1 pp 

■" cos AP + cos PE ■" cos PjB "" ^^^ ^^ 

■ ■ -^ — — — — ■ — ■ — ■■■,,,- ^ . ■ - — ^- _ - ^ ^ . ^ 

t The formula ^ f '^ "" = ^^^5|i? (^Trig. 29), when JR = 1, 

JR + cos a R ^ ° ' 

and a = PE, gives the above expression. 
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_ sin PE __ sin PE = p^^ 

'^ "" cos ^P + cos Pi; ~" cos PU ^^^^ ^^ ' 
that IS, circles either great or small, which have their pole in the* 
circumference of the primitive, have each, when projected, for the 
distance of its centre from the centre of the primitive, the secant of 
the distance of this circle from its pole, and for its radius the tan* 
gent of this same distance. In the case of great circles, PE = 90^, 
and sec PE = sec 90° or infinite ; and tang PE is also infinite. 
Therefore the centres of great circles, which have their pole in the 
circumference of the primitive, being at an infinite distance from the 
centre of the primitive, their projections will he straight lines pass* 
ing through the centre of the primitive, and cutting each other at 
armies, which have for their measure the distances of the poles of 
their circles from each other respectively. 

19. When we have found the two poles K, K [fig. 7), of a Y\g.7. 
great circle by the methods already given (12, 13), we have two 
points of each of the circles that intersect each other at these 
points ; the projections of all these circles will have for a common 
chord the straight line KK, which joins the projections of the two 
poles ; the; have all therefore their centres in the straight line 
VHX, which passes perpendicularly through the middle of KIP 
{Geom. 106). 

20. The formulas which we have thus deduced analytically may 
be obtained by geometrical methods. The formulas of articles 14 
and 15, for example, may be demonstrated as follows. 

If PE = 90° (fg. 8), EF will be a diameter, and the circle Fig. 8 
will be a great circle, and its projection will have ST for its diam- 
eter, and ^ ST or mT for its radius. Join Om; and SOT, hav- 
ing for its measure i EPF, is equal to 90°. Therefore the circle 
described upon S2^ in the plane DBA will pass through the point 
O {Geom. 128) ; consequently m O = wi T = «i S,. and the trian- 
gle OmT is isosceles, and m OT = OTm; accordingly we have 

OmC =:mOT+ OTm = 2 OTm 

= BO — DFf 
= DO—JDF 
= 90° — DF. 

t Through the point D suppose a straight line Df drawn parallel 
to TO. The angle /2>B = OTm, is measured by 

i B/ = J (BO -/O) = J {BO — DF). 
Therefore 2 OTm = BO — DF. 
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X 

But the acute angles of a right-angled triangle being complements 
of each other, 

OmC = 90O— COm. ' 
Therefore CO m is equal to DF^ and 

C m the tang CO m = tang DF = tang inclindiion ; 
and O m the sec CO m = sec DF = sec inclination. 
If we produce O m to /, we shall have 

AI=z2 AOI = 2DjF = 2\5P, 
wjiich furnishes this graphical method of projecting great circles. 
Take AI equal 2 APj or twfce the inclination, and draw Oml; m 
will be the centre, and m O the radius of the circle to be projected. 

Again, since m OC ==. DF 

and OCR = OF 

we have by addition, 

mOC + OCR = DF+ OF 

= 90°; 
therefore 

ORC = 90O. 
We hence derive this other construction. Draw OR m perpen- 
dicular to CF^ and we shall have the centre m and the radius Om 
of the circle to be projected, as before. 

21. The formulas of article 18 are found by a very simple con- 
Fig. 10. sttuction. When AP (Jig. 10) = 90°, P coincides with D and 

the pole of the given circle is in the circumference of the primitive. 
EF in this case is perpendicular to BD. Bisect the projected 
diameter ST in m, and join mE, m F, FC. As the projected cir- 
cle must pass through the points £, F, as well as S^ T, it follows 
that mF =: mTj and m FT = m TF, whence we have 
FmC =:imFT+mTF=:2mTF 

=:OB — FD {note top. 11.) 
= 90° — jPCw; 
consequently 

FmC + FCm = 90°, 

and therefore CFm is a right angle, and Fm, the radius of the 
projected circle, is the tangent of DF or PE. Also Cm, the dis- 
tance of the centre of the projected circle from the centre of the 
primitive, is the secant of PE, 

22. It appears from the construction just given, that Sm, the 
projection of the tangent E m, is equal to E m. Indeed it may be 
shown generally that, since the angle OE m or 
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SEm = i ODE =\OD+^DE = 45° + \DE 
and 

ESm—iOSB=iOB + iDE=4&° + ^DE (note top. 6), , 
the angles SEm, ESm, are equal; from wliich we infer that 
5 n> = Em. Therefore the tangent of a great circle terminating 
in the primitive has for its projection a line equal to this tangent. 

Let Em, E m', {Jig. 1 1 ) be two of these tangents,' Sm, S mf, fig- n. 
their projections, mm' being joined, the two triangles /^S i» tn', 
E m m', will be equal in all respects, since they have two sides 
of the one respectively equal to two sides of the o^^ 4id odv, 
side common. Consequently imiSim'^in£>n'. TheireraK ttpc^ 
these tangents make the same angle with each other as th^lnkjl 
fleeting circles to which they belong {Oeom. 471) we concIuOT! 
that two great circles make by their pryections the same angle 
that they make upon ike sphere. 

23. In the case of an angle formed^ by two arcs of great circles 
which do not terminate in the plane of projection, the above tbeo- 
lem will hold true ; for we may aKvajs suppose tlic arcs produced ' 
to the plane of projection, and tlicii the tangeiiis of these arcs will 
be equal to their projections, and Ihe arc9 and liieii' pr^ections will 
make the same angle. 

In like manner arcs of small circles, which have a common inter- 
tection and common tangents tcith those of large circles, wiU make 
by their projections the same angles which they make upon the sphere. 
■ 24. By means of the principles above given, we are able to trace 
the different circles of the sphere, and thus to represent the relative 
positions of objects in the heavens or on the earth, l^for example 
it were required to project the northern hemisphere of the earth, 
as it would appear to a spectator at the south pole, the earth itself 
being supposed to be transparent; in this case the equator GEHF 
{fg' 13) will be the prlmiiivef , and its centre P will represent the Tig- 13. 
north pole. AP ^ 0, as in figure 9. We have therefore P for 
the common centre of all the parallels of latitude, and for their radii 
PP, PF", &LC., the tangent of half their distances respectively 
from the nearest pole (17). To draw parallels to every ten de- 
grees, for instance, PF being taken equal to tang -^ = tang 45 = 

+ We here consider the paper as the plane of projection, wliereas 
in most of the figures of plate 1, the plane of projection is repre- 
sented as perpendicular to the paper. 
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radiusf , we shall have 

PF = tang^ = tang 40^, PP' = tang -^ = tang 35°, 

66° 32' 

JFy radius of the tropic of cancer = tang — ^ — , &c. 

Considering these parallels with reference to their distances from 
the equator, we mark the first 10°, the second 20°, fac. 

As tbe meridians have their plane passing through the eye, they 
wi]} aHlbe represented by straight lines intersecting each other at 
1di6 ceotre g^he primitive, and dividing the equator into arcs which 
measuphjii^ipdination of these circles to each other respectively 
(l^^Thus ^PH being the first meridian, 10 P 170, 20 P 160, 
izj^x^ill represent the meridians which pass through every tenth^ 
qegree of longitude. In the same manner we may subdivide the 
arcs FFf PP', &c,, G 10,40 20, fcc., to any degree of minute- 
ness, and thus repr^ipnt the sitintion of cities, mountains, the sev- 
eral points of the lijiM^UMKi' states and kingdoms, rivers, eoasts, 
Sz;c., according to^k^fh^ and longitudes. We can moreover 
refer these same linea^to fli^tMvens, and project the places of the 
stars accordiiig to thelrnMclination and right ascension. This is 
called a pohr projection of the sphere. It is more simple than the 
projection upon the plane of any other circle. It was used by 
Ptolemy in the construction of his Astrolabe, and is sometimes pre- 
ferred for the maps of countries situated in high latitudes. But it 
is adopted for the most part in celestial rather than terrestrial plani- 
spheres, and especially for maps containing half of the heavens. 

GEHF being referred to the heavens, we may consider EF as 
the solstitial,- and GH as the equinoctial colure. Accordingly tlie 
ecliptic will pass through the points G, e, H, and to represent this 
circle we have only to describe a circle which shall pass through 
these points (Geom. 149) ; or conformably to articles 14, 15, to 
take for a radius, the secant of 23° 28', the obliquity of the eclip- 
tic to the equator, and for the distance of the centre from the centre 
of the primitive, the tangent of this same obliquity. Moreover the 
direction of this centre will, according to art. 16, be in the line PF. 



f For the method of taking these lines from the sector, see note, 
at the end of this part, on the description and use of the Plane 
/Scale, Sector, &c. 
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25. If now it were required to project od the same plane second- 
aries to the ecliptic, we first find the poles of the ecliptic as in fig- 

' ure 7. Thusj ABOD being nowf the equator, ,5 e O the northern 
half of the ecliptic, and £, Kf^ its poles, the centres of all the cir- 
cles, which pass through JST, K\ will be in the line VHX. The 
circle KXK^J^j drawn with the centre H and the radius HK, will 
pass through the equinoxes O, A, Draw KG making the angle 
HKG equal to 10°, and KG^ making the angle HKG^ equal to 
20°, &c., and KG, KG" will be the radii of the circles KdKb, 
K df Kb\ &c., inclined respectively 10°, 20°, &c., to the circle 
KXKVj or whose longitude is 10°, 20°, fac, respectively (15.) 

26. Circles parallel to the ecliptic are also easily traced upoathe 
plane of projection. If A {jig* 6) be the pole of the equator, and Fig. 6. 
P that of the ecliptic, JEF, the diameter of one of these circles, 

will be represented on the plane of projection by ST, the centre of 
which will be the point m, the middle of ST, and Sm will be the 
radius of the circle to be projected, and Cm the distance of its 
centre from the centre of the primitive. 

27. We have given in figure 13 the simplest construction of the 
sphere upon stereographic principles, but the projection the most 
used, especially for maps of the world, is that which supposes the 
eye in the equator, and alternately in the two poles of the first me- 
ridian. Let the primitive FEBH {fig* 14) represent the first Fig. 14. 
meridian, the place of the eye being perpendicularly over the point 

90. FB will be the projection of half of the equator, the points JS, 
fi*, will be the poles of the earth, and the straight line joining these 
will represent the meridian, perpendicular to the first meridian or 
the meridian of 90°. The other meridians are drawn like the 
secondaries to the ecliptic, figure 7, that is, by taking for radii the 
secants of their longitude, or the secants of their inclination to the 
first meridian, and for the distance of their centres, the tangets of 



t In finding the poles K^ K'y we consider the equator BD per- 
pendicular to the paper, A its pole, and P, P', the north and south 
poles of the ecliptic. Having found K, K!^ in the manner already 
explained (12, 13,) suppose the plane of the equator to revolve 
about its diameter BD through an arc of 90°, or till it coincides 
with the paper ; the eye will be perpendicularly over the point C, 
and JBC, K!^ will remain unchanged. By supposing a similar revo- 
lution in figure 6, the points S^ m^ T, will also remain unchanged 
(26). 
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these same angles (14, 15). The parallels of latitude have for 
iheir radii the tangents of their polar distances respectively, and for 
the distances of their centres the secants of these same distances 
(18). Thus 10 a 10 for instance is described with a radius equal 
to the tangent of 80^, and from a centre whose distance from the 
centre of the primitive is equal to the secant of 80°, and so of the 
others. This is called an equatorial projection. 

28. The objection to these projections is that the lines of the 
sphere are not faithfully represented in the proportions which they 
actually bear to each other. Of the arcs FE, PE^ fcc., each of 
which represents a quadrant, only the first is actually 90°. 

T\g,B. The circle described from m [fig, 8), as a centre with a radius 
equal to m O, will pass through the points O and w3, which are dia- 
metrically opposite on the sphere. Thus the arc OSA is the pro- 
jection or representative of an arc of 180°, and OS, SAj represent 
90° each. But 
OS = O »i S = 90° — CO m = 90° — the inclination (20). 

Fig. 14. In the same manner it may be shown that the arcs FE {fig, 14), 
F^^E, &c., which represent quadrants, are each equal to 90°— the 
longitude respectively, or to the complement of the longitude. 

Fig. 10. 28. With respect to the parallels of latitude, if jEJP (fig. 10) be 
considered as a diameter of one of these circles, it will be seen 
from what has been demonstrated (21), that 

ES = EmS zziFmS = 90^ — FCm =: 90^ — FD. 

Fig. 14. Thus the quadrants 10 a, 20 a', (^fig. 14) of the parallels of latitude 
are each equal respectively to 90° — the polar distance, that is, 
equal to the latitude of the parallel. 

29. It may be observed moreover, that all the lines which com- 
pose a hemisphere, taken together, are reduced one half, since a 
hemisphere, which is equal to two great circles {Geotn. 636), is 
represented upon the surface of one. While the parts near the 
centre are the most contracted, they are at the same time those 
which, considered among themselves, most faithfully represent the 
corresponding' portions of the sphere. In maps therefore of small 
extent, whether celestial or terrestrial, we*can place the middle of 
a country or the middle of a constellation at the centre of the pro- 
jection, and the representation will be sufficiently e^^act. 

30. We have sometimes occasion to measure an arc on the plane 
of projection, that is, to know the number of degrees v/hich it rep- 
Fig- 15. resents on the sphere. Let BGD {fig. 16) be the primitive, lying 
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in the plane of projection BD2\ O the place of the eye, SiT the 
projection of the great circle FHE. Since KT is in both the 
planes BGD, BPDO, it is their common intersection, and will 
consequently pass through the point D. In like manner, because 
JET is the common intersection of the planes BGD, TGO, it will 
pass through the point G. Hence, the points H, E, being project- 
ed into i, T, it is plain that the arc HE will have for its projection 
the similar arc IT. But since PE, OD, PH, and OG are each 
quadrants, if ED, HG, which are common, be taken away, the 
remainder, or side PD, will be equal to OE, and PG to OH. 
And because the opposite angles DPG, EOH, included by these 
sides are equal, the base DG will be equal to EH {Geom. 480). 
Accordingly HE, having been shown to be similar to, or the meas- 
ure of iT, its equal DG will also be the measui'e of IT. 

Again, since P^is equal to OB, if we add to each of these JPB, 
we shall have PFB equal OBF; and OH has been shown to be 
equal to PG. Consequently the two sides PFB, PG, are equal 
respectively to the two OBF, OH, and they contain equal angles. 
Therefore the third side BG is equal to the third side PH. But 
BG is that arc of the primitive comprehended between the straight 
lines drawn from the pole of SI (the projection of FH), through 
its extremities. Accordingly BG is the measure of SI. There- 
fore any projected arc of a great circle is measured by that arc of 
the primitive which is comprehended by two straight lines drawn 
from the pole of the given arc through its extremities. 

31. The above tlieorem furnishes us with a convenient method 
of measuring a projected angle. The angle APF {Jig. 16), for Fig. 16. 
example, formed by the intersection of two great circles APO, 
FPE, being measured on the sphere by the arc irbich joins the 
poles of these circles, we have only to refer this arc to the primitive 
by straight lines drawn from its pole through its extremities. Thus 
K being the pole of APO, and k the pole of FPE, P will be the 
pole oi Kk (Qeom. 467), and LJfl, intercepted on the primitive by 
the straight lines PEL, PkM, will be the measure of the arc on 
the sphere, of which Kk is the projection, that is, of the angle APF 
or EPO, the inclination of the given circles to each other. There- ^ * 
fore an angle formed by the projections of two great circles has for 
its measure that arc of the primitive, which is intercepted by straight 
lines dravmfrom the vertex of the given angle through the projected 
poles of the given circles. 

Top. 3 
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Other Methods of representing a Spherical Surface upon a Plane. 

32. In stereographic projection the parts of the sphere, as we 
have remarked, are most contracted toward the centre of projection ; 
whereas the reverse takes place with respect to orthographic pro- 
Fig. 12. jection (Jig. 12). Now in the former case the eye is supposed to 

be situated in the surface of the sphere, and in the latter at an 
infinite distance, it is evident therefore that an intermediate situa- 
tion may be taken, that shall present the different parts of an entire 
hemisphere taken together more naturally. At the distance of three 
fourths of radiu3 from the surface, in the plane of the equator for 
instance, the meridians would appear nearly equidistant, and the 
parallels of latitude also nearly equidistant. But these lines would 
00 longer be circular curves. It is moreover obvious that the parts 
of a spherical surface cannot be perfectly represented upon a plane 
in all their proportions and bearings. We may indeed divide the 
Fig. 14. equator FB (fg. 14) and the meridian EH into equal parts, and 
draw the meridians and parallels through these points, instead of 
the points of unequal division actually enciployed in this figure. 
This manner of representing the sphere is exhibited in figure 17. 
It is called by the constructors of maps a globular projection. It 
shows the parts of the sphere more naturally and more nearly in 
their true proportions, but it is not strictly speaking a projection. 

33. There are other methods of representing portions of the 
earth, when they are of small extent, especially in latitude, that are 
still more just. Let such a portion be comprehended between the 

Fig. 18. meridians PEP' {fg. 18), PqP', MJV and RS being the ex- 
treme parallels of latitude. From / and JT, the middle points of 
the arcs MR, JVS, draw the tangents IT, KT, meeting the axis 
P'P in the point T. The arcs MR, JVS, containing only a small 
number of degrees, do not sensibly differ from the tangents IT, KT, 
and the space MRSJST may be considered as making a part of the 
surface of a right cone, which has its vertex in T. In order there- 
fore to represent this space developed upon a plane, we take a ra- 

Fig. 19. dius equal to Tl, and describe an arc JTif {fg. 1 9) equal to KI 



f That the arcs may be equal in lexi^th, the number of degrees 
in KI {Jig. 19) must be as much less than the number of degrees 
in KI (Jig. 18), as the radius TI is greater than the radius LI 
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(jf^*. 18) ; and having drawn TIM, TKN^ we set off on each side Fig. 18. 
of 1 and f, IMy IR, and KJST^ KS, equal in length each to the 
arcs IM, IR of figure 18, or to their chords, which do not sensibly 
differ from the arcs. Then dividing MR and JVS into as many 
equal parts as there are degrees in the difference of latitude, we 
describe through these points from the point T, as a centre, arcs 
representing the arcs of latitude. We divide also the arc IK into 
as many equal parts as there are degrees in the difl^rence of longi<» 
tude, and draw through these points and the point T straight lines 
representing the meridians. This being done, the several places 
comprehended may be designed according to their latitude and < 
longitude. 

34. It will be perceived, that in this kind of construction, as in 
the preceding, all the meridians tend to meet in the same poibt. 
But in orthographic and stereographic projection, the points of 
the sphere are designed in perspective, and the degrees of the eqte* 
tor and those of the meridians are not represented by equal parts* 
In this the meridians are represented by straight lines, and the de- 
grees of longitude are equal among themselves, and the degrees of 
latitude are also equal to each other, although different from the 
degrees of longitude, which diminish according as the latitude in- 
creases. This construction therefore has many advantages over 
those before given in particular cases. It is not however used at 
sea to represent the path described or to be described by a ship 
destined for a particular place. As a ship, sailing upon a given point 
of the compass, makes the same angle with each meridian that she 
passes, if these meridians are represented by lines that converge to 
a point, the route thus described will be indicated by a curve, which 
would render the operations for finding a ship's place too compli* 
cated. 

35. To remove this difficulty, through the points /, Kj let the 
straight lines AB {fig* 19), CD be drawn parallel to the meridian Yig. 19. 
GT, which passes through the middle of the parallel JTBT, and we 

shall have the space before denoted by MJVSR, now represented 
by ACDBy in which all the parallels are equal to the mean parallel 
IKy and the meridians MR, JVS, become the straight lines AB^ 
CD, parallel to GT; and the point of meeting T being at an 

{Geom, 288) ; that is, the number of degrees in KI {fig* 19) must 
be to the difference of longitude of the two meridians P'EP, 
P'QP, as IL, the radius of the middle parallel, is to TL 



1 
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infiDite distance, the arcs MJST, IK, RSy become straight lines per- 
pendicular to CrT; we hence derive the following method of con- 
structing a chart. 

Fig. 20. Having drawn a line QT at pleasure {fig. 20), to represent the 
meridian that passes through the middle of the chart to be con- 
structed, we divide it into as many equal parts as there are degrees 
of latitude to be comprehended. Through the middle G, we draw 
the perpendicular IGK, which will represent the middle parallel, 
and in order to determine what must be the length of Gri, GJT, 
to answer to the required number of degrees of longitude, we must 
recollect that similar arcs are as their radii, and that consequently 
arcs of the same number of degrees, taken upon different parallels, 
are as the cosines of the latitudes, of these parallelsf • Accordingly 

Fig. 31. with a radius CA {fig. 21) equal to the assumed magnitude of a 
degree of the meridian, which is also that of the equator, we des- 
cribe the arc AB of a number of degrees equal to that contained 
in the middle latitude, and let fall upon CA the perpendicular BP^ 
which will give CP, for the magnitude of each degree of the par- 
allel. For in the right-angled triangle CBP we have 

CB or CA: CPiiR : sin CBP or cos BCP. 
Now radius R is by construction equal to the cosine of the latitude 

fig. 20. of 0°. We apply, therefore, CP from G {fig. 20) toward 1 and 
toward K, as many times as there are degrees in half the extent 
which the chart is to have in longitude ; then drawing through the 
points of division of QT lines parallel to IK, and through the divis- 
ions of liTlines parallel to QT, we shall have the parallels and 
meridians, by means of which it will be easy to note down the dif- 
ferent places comprehended according to their latitude and longi- 
tude. 

f Since the circumferences of circles are as their radii, and cor- 
responding parts, or arcs of the same number of degrees, are slso 
Fig. 18. as their radii, we shall have QE : KI {fig, 18) : : CE : LI. But 
CE is radius, and LI is the sine of PI or cosine of EI the lati- 
tude ; therefore QE is to iTJas radius to the cosine of the latitude 
of KL In the same manner it may be shown that QE is to K'T, 
the corresponding arc of any other parallel, as radius is to the 
cosine of the latitude of KI ; hence the length of the arc KI is to 
the length of the arc KI, as the cosine of the latitude of the for- 
mer is to the cosine of the latitude o&the latter. 
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36. Charts of this construction are more convenient than the 
preceding, and may be advantageously used Tor small distances, and 
especially between the tropics, where the meridians are nearly par- 
allel. But they become less exact, according as the difference of 
latitude comprehended is greater, and according also as the middle 
latitude is greater. They give the degrees of the parallel too small 
on the one hand, and too great on the other. To remedy this de- 
fect and retain at the same time the parallelism of the meridians, 
the following chart, called Mercator^s, has been contrived. 

37. This chart is, properly speaking, only a developement of a 
cylinder, which may be supposed to circumscribe the globe, having 
its axis coinciding with that of the earth, and its diameter equal to 
that of the equator, its length being without limit. It is not there- 
fore a projection, or such a view of the lines represented upon it as 
would be presented to the eye at any particular point. The object 
of the construction is simply to render die meridians parallel with- 
out changing the ratio of the parts of the meridian to the correi^ 
ponding parts of the parallel. To effect this, instead of diminish- 
ing ihe length of the degrees of the parallels, according as the lati- 
tude increases, we make them throughout of the same magnitude, 
and equal to the degrees of the equator, which necessarily renders 
the meridians parallel. But we enlarge at the same time the de- 
grees of any great circle, according to the distance of these degrees 
from the equator, that is, according to their latitude. Thus, since 
the magnitude of a degree taken upon any parallel, is to that of a 
degree taken upon the equator or upon any great circle, as the 
cosine of the latitude is to radius (35), or as radius is to the secant 
of the latitude {Trig. 8), if we make the degree of each parallel 
equal to that of the equator, the degree of any great circle, a merid- 
ian, for example, at any given distance from the equator, must have 
for its value a degree of the equator, augmented in the ratio of 
radius to the secant of the latitude, that is, multiplied by the secant 
of the latitude and divided by radius. 

In Mercator's chart, therefore, while the degrees of the parallels 
are all equal to those of the equator, the degrees of the meridian, 
or of the latitude, must be unequal, that is, they must increase as 
the latitude increases. We should fall into a mistake, however, if, 
in taking MJST [fg. 18), BS, as portions of two parallels, distant Fig. 18. 
a degree from each other, we should conclude from what is said 
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above, tbat the arc JVS of a degree which measures the distance of 
these parallels, is to be expressed upon the chart by a line equal to 
a degree of the equator multiplied by the secant of the latitude di- 
vided by radius. It is very true that at JST, a degree of a great cir- 
cle is equal to ^ , D being a degree of the equator ; 

and for the same reason, at the point iS, a degree must be equal to 

D X sec OS 

^g . But these quantities being different, neither the one 

nor the other can be taken as the measure of the distance between 
the two parallels MJV^ RS. The former would be too small, and 
the latter too great. If, therefore, instead of supposing the two 
parallels distant from each other a degree, we consider them a& 
separated only by an arc of one minute, we shall have for the 

length of one minute of the meridian at A", — ^^^ , M being ft 

minute of the equator, and for the length of a minute in S^ 

Bl sec 0.8 

P , quantities that differ but very little from each other, and 

of which either may consequently be taken as the measure of a 
minute extending from JV to 5, or of the space that is to separate 
these two parallels on Mercator's chart. 

38. We see therefore that in order to calculate the augmentation!^ 
to be allowed to the parts of the meridian relatively to the augmen- 
tations given to the parallels in the construction of this chart, we 
must suppose the meridian divided into very small portions ; then 
one of these portions, multiplied by the secant of the latitude, and 
divided by radius, will give the corresponding line on the chart, and 
with greater or less exactness according to the smallness of the por- 
tions into which the meridian is divided. We shall attain to all the 
accuracy necessary for practical purposes, if we divide the meridian 
into minutes. Thus in order to find the length to be allowed to the 
meridian intended to mark a particular latitude, it is sufficient to 
take from the common tables all the secants, from minute to minute, 
from QP up to the latitude in question ; and the sum of these secants 
divided by radius will give the number of minutes, which being 
applied from the equator in the direction of the meridian will de- 
termine the degree of the latitude required on the chart. The 
results thus obtained for the different parallels are called meridional 
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porlf. The relative lengths of degrees from the equator to the 
polar circle may be seen in figure 22.f 



Of Ctnomonic Projection^ or Dialling. 

39. Dialling consists id drawing lines to represent the interseo* 
tionsof.the planes of the meridians with any assumed plane or 
other surface. The time in which the sun apparently completes a 
revolution about the earth being divided into twenty four parts or 

hours, his angular motion will be at the rate of -ttt- or IfP in an 

houn If we consider the axis of the earth PP' {fig* 23) opaque, Fig 23. 
the earth itself being supposed to be transparent, the shadow of 
PP' will coincide with the plane of the meridian opposite to the 
sun, and will move at the rate of 15^ in an hour. Let ZPRP'J^ 

f There is some intimation of this method of representing the 
lines of latitude and longitude in the writings of Ptolemy ; but the 
first chart constructed upon this plan was published by Gerard Mer- 
o^tOT in 1566. The theory, however, does not appear to have been 
imderstood at this time. In the year 1599, Mr. Edward Wright 
published his Correction of Errors in Navigafion, in which the 
principles of the chart are fully explained. Dr. Halley first showed 
that the artificial meridian line is a scale of logarithmic tangents of 
half the co-latitudes beginning with radius. 

Beside the charts above explained there is one in which the de- 
grees of the parallels of latitude are all of the same length and equal 
to those of the meridian. If the divisions of IK {Jig. 20) were Fig, 20, 
made equal to those of Q T, we should have in figure 20 such a 
representation of a portion of the earth's surface. This is called a 
plcme chart. No allowance is made for the diminution in the 
length of the degrees of the parallels. Accordingly it can be used 
for spaces of small extent only at a time, or where there is very 
little convergence of the meridians. The methods of finding a 
ship's place, &c., founded upon this chart, are comprehended in 
works on Navigation under the title of Plane Sailing ; those which 
depend upon the chart represented in figure 20, as it is actually 
constructed, are included under the head of Middle Latitude Sail- 
ing ; while those that are derived from the principles of Mercator's 
chart, fall under the denomination of Mercator*s Sailing, Exam- 
ples of eaeb kind will be given in the next chapter. 
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be the meridian of any place Z ; the sun being in this plane at 
noon, the shadow of PP^ will coincide with the plane PRP'^ and 
will intersect the plane of the horizon JSTOR in RC, After one 
hour, that is, at one o'clock, the shadow will fall in the plane PIP^^ 
and after two hours or at two o'clock, it will fall in the plane PUP^^ 
&c. Now these meridians being inclined to each other at angles 
of 160, we shall have RPl = 160, RPU = 30°, Stc. Moreover 
PR is also given, and the angle PRl is a right angle. Whence in 
the spherical triangle PRI, right-angled at R, we have two parts 
giyen, PR and RPl, to find a third /?/, which is the measure of 
the plane angle RCI, formed by the XZ7 and 1 o'clock hour lines. 
Accordingly, PR being the middle part, and RPl (complement) 
and Rl the adjacent parts, by the first of Napier's rules (Trig, 
p. 64), we have 

sin PR = cot RPl tang Rl = ^^y tang Ri, 

whence 

tang Rl = sin PR tang RPL 
In like manner tang Rll = sin PR tang RPU. 

Therefore the tangents of the plane angles XII C I, XII C II,. 
^c. are equal respectively to the sine of the polar distance midti' 
plied by the tangent of the horary angle. 

40. When PR is less than 90°, we have PR = EZ = the 
latitude of the place Z, and the above expressions become 

tang Rl =. sin lat\ tang 15^ 
tang Rll =z sin lat. tang 30. 

If the latitude of the given place, that of Cambridge for instahcey 
be 42° 23' 28^', we have only to add the logarithmic sine of 42^ 
23' 28'' taken from the tables, to the logarithmic tangent of 16®, 
30°, Sec., successively, and the sums will be the logarithmic tan- 
gents respectively of the arcs /Ji, Rll, &c., or of the rectilineal 
angles Xll C 1, XU C U, }Slc. 

We have considered the plane of the horizon as the plane of the 
dial, and the axis of the earth as the gnomon or stile. But if we 
take at 2r a plane nor parallel to JYOR, that is, parallel to the 
horizon, and cp parallel to CP, the shadows cast by CP and cp 
would, on account of the great distance of the sun, be sensibly par- 
allel, and move at the same rate. Consequently the hour angles 
12 cl, 12 c 2, &c., may be considered as equal respectively tQ 
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XII G I, XII C II, Stc.f Therefore the formula above given wiB 

enable us to draw the hour lines c 1, r2, &c. And to subdivide 

the hours into halves, quarters, &ie., we have only to take the angle 

150 150 
P equal to -5-, -j-, ^c. We draw the lines on the other side of 

c 12 io the same manner, and number them 11, 10, he. These are 
to be extended each way toward c n, so as to comprehend the time 
duriog which the sun is above the horizon on the longest day, ac- 
cording to the latitude of the place, cp may be represented by a 
straight rod, or more conveniently, on account of its stability, by 
the edge of a triangular plate p c 12, having its plane perpendicular 
to the plane of the dial, and its base cl2 resting upon the 12 
o'clock hour line, the angle j9 c 12 being equal to the latitude of the 
place. This is called a horizontal dial. Other dials take their 
Dame in like manner from the position of the assumed plane, oq 
which the intersections of the planes of the meridians, or hour cir- 
cles, are traced. 

41. Let us suppose the plane ^OR to shift its position so as to 
cut the planes ofj all the meridians at right angles, that is, to be^ 
come the plane of the equator £Q. The formula above given will 
still be applicable ; and since sin PR = sin PQ =; sin 90 = 1, 
we shall have 

tang RI = sin PR tang RPI 

=z tang RPI = tang 1 6° ; 
also tang RII = tang RPII = tang 30°, 

&z;c. ; 
that is Rl = 150, RII = 30^, &c. 

Consequently RI, i, 11, &c., are all equal among themselves, and 
each equal to 15^, and the plane angles XII C 1, 1 C II, &c,f are 
also equal, and the shadow moves at a uniform rate, the stile being 
perpendicular to the plane of the dial. We may now, as in the 
former case, suppose a second dial at Z, constructed in the same 
manner, having its plane and stile, parallel respectively to those of 

' ' ■ S^ ' • — 

t We maj^ suppose cp equal in length to CP, and the plane nor 
of the same dimensions as NOR, and the shadow would obviously 
revolve upon the one in the same manner as it revolves upon the other, 
and the hour angles formed at the centres, C, c, being the same upon 
both, these are not affected by the lengths of the lines that contain 
them ; we may therefore take cl, c% &c. as well as c p, of any con- 
venient length to soil our purpose. 

Top. 4 
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the first, and tbe same time will be indicated upon both. In other 
words, we describe a circle of a convenient size upon a plane, 
divide it by radii drawn from the centre- into portions of 15°, for an 
hour, 7° 30' for half an hour, &c., insert a rod at the centre per- 
pendicularly to the dial plane, and place the dial so that this rod, 
representing the axis of the earth, shall be situated like cp, that is, 
in the plane of the meridian, and making an angle with the horizon 
equal to the latitude of the place. This would be an equinoctial 
dial, since its plane is parallel to that of the equator. It would 
moreover be a horizontal dial at the pole, and ^vertical south dial 
at the equator. 

42. To construct a vertical south dial for any other latitude Z^ 
let us suppose the plane JSTOR to change still further, till it comes 
into a vertical position facing the south, as represented in figure 24. 
At noon the sun being on the meridian of the place, or in the plane 
of PEP', the shadow of PP' will intersect the plane ZOR in the 
straight line CXII; after one hour the shadow of PP' will be pro- 
jected in the direction of PIP', intersecting ZOR in the straight 
line CI, and so on. Thus the hour angles RCI, RCII, &c., being 
angles at the centre of the circle ZOR, will be measured as before 
by the arcs RI, RII, &c., and these arcs are determined by the 
formula already employed ; for in the spherical triangle PRI, right- 
angled at jR, we have still the angle RPI = 15°, and 

PR = pq + qR =2pq + Ez = 90° + lat. 

Whence, since sin PR = sin P'R = cos qR = cos EZ, we have 

tang RI = sin PR tang RPI 

= sin P'R tang RPI 

= cos lat, tang 15°. 
Putting for RPI, 30°, 45°, &:c., we obtain by the same formula 
the other hour lines. Also, as in the former case, we may suppose 
at Z another dial zo Z having its plane coinciding with ZOR, and 
provided with a rod cp' parallel to CP' ; and as the shadow of cp' 
will revolve upon the plane zo Z sensibly in the same manner and 
at the same rate as the shadow CP' revolves upon the plane ZOR, 
the hour angles 12 c 1, 12 c 2, &lc., may be considered as equal to 
Xn C J, XII C XI, &c., and may be computed by the same for- 
mula. 

43. It is evident that other planes might be assumed and the an- 
gles calculated in a similar manner. But the above will be found 
sufiicient, especially as clocks and watches have now taken the 
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place of dials, and the latter are rendered of little use except to 
regulate the rormer, and afford occasionally an exercise to a specu- 
lative mind. Besides, the horizontal dial is the one that is com- 
monly employed. It is the most convenient, because it requires the 
hour angles to be drawn only on one surface. In the vertical south 
dial, for instance, at the time of the equinoxes, or when the sun is 
in the plane of the equator, he rises and sets in the plane of ZOR 
and when his declination is toward P, the northern face of the plane 
ZOR is illuminated after sunrise till the sun reaches this plane, and 
before sunset after passing this plane. So also in the equinoctial 
dial, its plane being represented by that of the equator, the south- 
ern face will be illuminated when the sun is on the south side of 
the equator, and the northern face when the sun is on the north 
side of the equator. 

44. After the lines are drawn upon a plane intended for a hori- 
zontal dial, according to the formula above given, it may be placed 
in a horizontal position with sufficient accuracy by means of a spirit 
level, or by adjusting it in such a manner that water put upon it 
shall not incline more to one side than to another. 

45. If the dial after being leveled be turned till the shadow of 
the stile falls upon the 12 o'clock hour line, when the sun's centre 
is on the meridian, or at the time of apparent noon by a well regu- 
lated clock or watchf , the adjustment of the dial is completed, and 
this is the most convenient way of determining a meridian line for 
a dial. But a more common method is to make use of two stars 
that are in the same horary circle or celestial meridian, and observe 
the position of a vertical plane that cuts them at the same instant. It 
is customary to take for this purpose the pole star and the first star 
in the tail of the Great Bear, called Alioth|, which are on different 
sides of the pole almost diametrically opposite to each other, and 
which consequently pass the meridian of any place nearly at the 

t The error of the clock or watch, in this case, and its rate of 
going, should be carefully ascertained by astronomical observations. 
The method of doing this will be shown in the Qhapter on the Solu- 
tion of Problems in Spherical Trigonometry, 

X The star Alioth or s Ursae Majoris may be recognised in the 
heavens from its situation in figure 25, relative to the more remark- 
able stars in its neighbourhood. The stars thus selected should have 
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same time. When tlierefore these two stars are cut by the vertictl 
wire of a telescopef , adjusted to move in a plane perpendicular to 
the horizon, the axis of the telescope is in the plane of the meridi- 
VHf and by inclining it toward such objects as are situated in this 
plane at a proper distance, we can note the points that are nece»^ 
sary ibr tracing a meridian line at any time. 

When a telescope cannot be procured, two plumb lines may be 
used for this purpose, as represented in figure 26, being so disposed 
as to admit of the two stars being seen in their plane at the same 
moment ; then the line AB joining their horizontal projections will 
be a meridian line. 

46. We proceed in the construction of dials according to tfae 
principles of pure geometry, and upon suppositions that are not, 
stricdy speaking,, founded in truth. (I.) The natural days» or times 
of the apparent revolution of the sun, not being perfectly equals the 
apparent motion of the sun from one hour circle to another is not 
precisely uniform, but is alternately accelerated and retarded in the 
oourse of the year ; so that a dial will, when compared with a good 
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the same right ascension, or should differ in their right aseension 
180O. 

Bight ascension of Alioth, beginning of 1826 191^ dOf 42'/ 

Pole star 14 12 2) 



Difference 177 20 21 

If the right ascension of the pole star were 2^ 39' 39^' less, the 
two stars would be on the meridian at the same time. But as the 
pole star revolves around the pole in a circle of only about a degree 
and two thirds, an arc of this circle of 2^ 39' 39" would be seen 
under an angle of not more than three or four minutes, which would 
be inconsiderable on a dial. The stars a Ophiuci and p Draconis 
dtfler in right ascension only about 6' (1820), and they are both stars 
of the second magnitude, and conveniently situated for an observation 
of this kind. 

t The vertical telescope of a theodolite, hereafter to be described, 
is well adapted to this purpose^ Also where the latitude of the place 
is not known ; by taking with the theodolite the greatest and least 
altitude of the pole star, that is, the altitude when Alioth is in the 
same vertical circle below and above the pole, half the sum of these, 
corrected for refraction, will give the latitude sufficiently accurate for 
the construction of a dial. 
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clcxJr, be found to loose and gain alternately at the rate of from 
tialf a minute to a few seconds in a day, till the difference amounts 
at a maximum to a little more than a quarter of an hour. But this 
departure from a uniform measure of time admits of being calcu-*' 
lated, and is generally entered upon the dial in a small table entitled 
^^ equation of time." To explain the cause of this departure and 
tbe method of estimating its amount at different times belongs to 
astronomy. 

(2.) We suppose the apparent revolution of the sun to take place 
in circles parallel to the equator, whereas, on account of his contin** 
ual change of declination, except at the solstices, these daily motions 
are performed in a kind of spiral curve that is constantly inoUned 
more or less to the meridian, by which tbe forenoons fall short of 
the afternoons from the winter to the summer solstice^ and exceed 
tbem during the rest of tbe yean But the error arising from tbis^ 
cause is not perceptible in the small arcs which measure the time 
near to noon, when tbe dial is most likely to be used. 

(3.) We make no allowance for refr'kction or parallax, or the cir- 
cumstance of the shadow being determined by the son^s limb instead 
of bis centre. Refraction at a mean elevates the sum when in tbe 
horizon, about a diameter, and when this takes place at right angles 
to the |iour circles, as at the equator, or when its whole effect is to 
accelerate or retard the progress of tbe shadow* on the dial, it 
amounts, at the rate of 15^ to an hour, to about two minutes. But 
this effect diminishes, as the latitude increases, and becomes noth- 
ing at the pole. Besides, we seldom make use of a dial, while the 
sun is less than 8^ or 10^ above the horizon, when the refraction, 
and consequently its influence upon the time indicated by the dial, 
is reduced to a small part of what is above stated. The effect of 
parallax is altogether insensiblef . With regard to the shadow of the 
stile on the plane of the dial, the extreme part of it or rather of the 
penumbra, corresponds, in the forenoon for example, to the eastern 

t It is true that the plane of the shadow of cp {fig, 23) is inclined 
to that of the shadow of CP^ and when the latitude of Z is 0^, the 
perpendicular distance of these planes -is a maximum, and equal to 
the radius of the earth, and the inclination of the planes is equal to 
the sun's horizontal parallax (8^^). Suppose a plane passing through 
c jp strictly parallel to the shadow of CP, this plane would make an 
angle of 8'' with the shadow of cp. There being 1296000'' in 360o, 
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edge of the sud^ and the extreme part of the perfect shadow to the 
western, and the middle of the penumbra will correispond to the 
son's centre. This defect therefore may be in a degree corrected ; 
tod the others do not exist even in theory at noon, and are, taken 
together, inconsiderable for some time before and after noon ; so 
that the hours the most favorable to accuracy are those during which 
we have ordinarily most frequent occasion to make use of this 
instrument. 

Dialling is considered as a projection of the sphere, because the 
Fig. 23. lines CXn (Jig. 23), CI, traced upon the assumed plane, are pro- 
perly projections of the hour circles P/J, FI, &c., or such repre- 
sentations of these circles as referred to the assumed plane, would 
be presented to an eye situated at the centre C While therefore 
in orthographic projection the eye is supposed at an infinite dist- 
ance, and in stereographic projection at the surface of the sphere^ 
in gnomonic projection the place of the eye is at the centre. 



8" would be 



8 



1296000 



of a circumference. If the circumference of the 



dial were 30 inches, for example, an arc of 8'' would be 

8 1 

inches, that is -j^cuUi o^ ft;^ ^f "* ^^^* 
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CHAPTER IT. 

Of the Solution of Problems in Plane Trigonometry, 

47. Rules have been investigated {Trig. 32, 35, 38) for the 
solution of all problems that occur in the calculation of lines near 
the surface of the earth, where plane triangles only are concerned. 
In these cases it will be recollected that of the six parts of a trian- 
gle three parts are required to be known ; and of these one at least 
must be a side, since the same angles may be common to any num- 
hei of triangles.f 

Mensuration of Heights and Distances. 

48. The distance BC (Jig. S7), measured in a direct horizontal Fig. 27. 
line from the bottom of a steeple, being 200 feet, and the angle of 
elevation Abe 47° SO', the height AC oi the steeple is easily 
found. 

As the sin 6 ^ c = cos ^ J c = cos 47° 30^ . 9,82968 

is to 6 c = 200 feet 2,30103 

aoiasin Abe .. 47^30' . . . 9,86763 



12,16866 
9,82968 



to the height .4 c = 218,26 . . . . 2,33898 

We have here subtracted the logarithm of the first term from the 
sum of the logarithms of the second and third. But a shorter way 
would be to take the arithmetical complement (Alg. 248) of the 
first logarithm and add it to the two others ; thus, 

0,17032 
2,30103 
9,86763 

2,33898 
the same as before. 



t Of the manner of measuring the necessary angles and sides, and 
of the instruments that are used for this purpose, an account is given 
in a note subjoined to this part. 



33 AppUetHum rf Trigamnnetry. 



In the solution of this problem we have made use of the theo- 
rem, the sines of the angles are to each other as the sides opposite to 
these angles. We might also apply the rule given for right-angled 
triangles {Trig. 30), namely, radius is to the tangent of one of the 
acute an^eSf as the side adjacent to this angle is to the side oppo^ 
site; thus, 

As radius or sine of 90^ 10,00000 

is to 6 c 3,30103 

so is tang -4 J c . . 47^ SO'. . . . 10,03796 

to the height Ac=: 318,26 .... 2,33898 

if we add to this 6 J? or c C, the height of the instrument, we shall 
have the whole height AC. 
Fig.SS 49. It is required to find the perpendicular height AC {Jig. 38) 
of a hill, the angle of elevation of which ABC at the bottom is 
46^, and the angle ADCf taken 100 yards further off on a level 
with the bottom, 31^. 

Then ABC — ADC = DAB, 

that is, 460— 31^= 16^, 

Hence, as sin DAB =15° 9,41300 

is to DB = 100 ... . 3,00000 
so IS sin D = 3JO 9,71184 



Then, 



to^B 2,29884 

as radius = sin 90^ . . . .J 0,00000 

is to AB 2,29884 

so is sin .4jBC = 46^ . . • . 9,86693 



) 



to the height AC :=i 143,14 . . 3,16677 

60. It is required to find the perpendicular height of a cloud or 
other object, when its angles of elevation, as taken by two observers 
at the same time, on the same side of it, and in the same vertical 
plane, were 64^ and 35^, their distance apart being half a mile, or 
880 yards. 

It is evident from figure 28, that this problem may be solved in 

the same manner as the last. 

Fig. 30. ^^* From the top of a lower AC {fig. 30), 120 feet high the 

angles CAB, CAD^ formed by the perpendicular wall and lines 

drawn to two objects jB, Dj situated in the same plane with AC 
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being measured and found to be 33^, and 64^ S(y, what is the dis- 
tance of the two objects B^ D9 

As radius or sin 90^ 10,00000 

is to .^C = 120 feet 2,07918 

80 is tang BAC ..339 9,81353 

to BC = 77,93 .' . . . 1,89170 

In like manner DC is found to be == 251,58. Hence 

DC — BC = DB=i 173,65 feet. 

62. Given BC {jig. 31) = 100 yards, the angle B = 53^, and Tig. 31. 
the angle C = 79° 12^ to find the perpendicular distance AD. 

Then A + J?.+ C—{B+C)=A, 

that is 180 — (53^ + 79^ 12^ = Al^ 48' = BAG. 
Hence, 

As sin J?w4C . . 470 48' 9,86970 

Arith. comp. . . 0,13020 

is to jBC = 100 2,00000 

so is sin C . . 79^ 12' 9,99224 

to^B 2,13244 

And 

as sin jD = radius 10,00000 

\s to AB 2,13244 

so is sin J? . • 53^ 9,00336 

to AD.. 105,89 2,03479 

' 52. The height of an obelisk {fig. 32) standing on a hill being Fig. m. 
required, we measure from its bottom a distance CD =s 40 feeti 
and take the angle ACD = 41^, and then measure another dis- 
tance CB = 60 feet in the same direction, and take the angle 
ABD = 22PAb\ 

Now, since the exterior angle of a triangle is equal to the sum of 
the interior opposite angles, we have 

ACD — ABC = BAC. 
that is 4P — 230 45' = 17^ 15'. 

Top. 5 
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Hence in the triangle BAC ; 
Ab sm BAC .. 170 15' 

Arilh. comp. 
is to the opposite side BC = 60 
so is sin ABC . . 23° 45' . . . . 

to the opposite side AC zzz 81,49 . 
In the triangle ./2 CD; 
AsCA+ CD= 121,49 

is to CAxnCB =1 41,49 

. ^ CAB + ADC ^ ^no^rtni 
so is tang 5 = tang 69^ 3(y . 



9,47209 

. 0,52791 

1,77815 

. 9,60603 

1,91109 



. 2,08453 

7,91547 
1,61792 

10,42726 



to tang 



CAB OQ ABC 



= tang 42° 24'^ 



And 69^ 30^ — 42° 24'^ = 27° 5'^ = CAB. 
same triangle ACB ; 

As sin CAD = 27^ b'\ . . . . 



is to CD = 40 . 
so is sin ACD . . 41° 



. 9,96065 
Lastly, in the 

. 9,65840 



0,34160 
1 ,60206 
9,81694 

1,76060 



to wJD = 57,624 

53. It is required to find the horizontal distance of an object AD 
Fig. 33. {fis* ^^) ^^^ ^s inaccessible. Angles of elevation being taken at 
C and D, situated in a direct line from D, namely, A CD = 58^, 
and ABB = 32^, and the distance BC being found by measure- 
ment = 100 yards, 

we have ACB — ABC = BAC, 

or 58^ — 32° = 26^. 

Then in the triangle ABC 

As sin D.3C . . 26° 9,64184 

istoBC=100 2,00000 

so is sin wfDC . . 32° 9,72421 



\oAC 2,08237 
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And in the triangle ACD 
As sin ADC . . 90^ . 

isto^C 

so is sin of CAD or cos ACD = cos 58^ 



10,00000 
2,08237 
9,72421 



to CD = 64,06 yards 1,80668 

64, The height and distance of an object O (fg. 34) on the top Tig. 34. 
of a hill being required, we measure from an assumed stalion B a 
base jBJVof 642 yards up the sloping ground BC directly from O, 
the points O, jB, JV, being in the same vertical plane ; then having 
set up a staff BS of a height equal to that of the theodolite AJ\r 
we take our station at JV, and find the angle of elevation OAH of 
the object = 3° 69', and the angle of depression HAS of the 
point iS = 39^ the angle of elevation OSP at B being 6° 62' ; 
BR and OR are to be found. We have 

OAH + HAS = OAS, ASP [or 180 — HAS] — OSP = OSA, 

or 

30 69' + 0° 39' = 40 38', 1790 31' — 6° 62' = 173° 39'. 

Hence 

I8O0 — {OAS + OSA) = AOS 
180° — 178° 7' = 10 63'. 

As sin AOS . . 1° 63' . . . . 8,61673 



is to wf S = 642 . 

so is sin OAS . . 4° 38' . 



tOiSO 



As radius or sin SPO . . 90° 

is to SO 

so is sin OSP . . 6° 62' 

to OP = 161,3 

As radius or sin 90° 

istOiSO 

so is cos OSP . . 6° 62' 

to SP = 1669,76 



1,48327 

2,80764 
. 8,90730 

3,19811 

10,00000 
3,19811 
9,00961 

2,20762 

10,00000 
3,19611 
9,99772 

3,19683 



it 
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The height of the instrument SB or PR being added, we shall 
have the height of the point O above the horizontal line GR. 

55. Let it be required to determine the distance of an inaccessi- 
;. 29. ble object O ( fig. 29) from a given point A or jB, when an instru- 
ment for measuring angles cannot be procured. We take a point 
a in the direction OAj and a point b in the direction Oj5, and 
measure each side of the two triangles Aa B, AB &, namely, 

AB = 500 yards 

aA=z 100 jB6=:100 

a J? = 660 w3 6 = 660 

Then in the triangle AaBxo find the angle a AB {Tr^. 38)| we 
add the three sides together, which gives 1160, and fi'om half the 
sum 580, we subtract each of the sides A a, ABj successively, and 
the remainders are 480, and 80, whence 

480 log. 2,68124 

80 log. 1,90309 

500 log. Arith. comp. 7,30103 

100 log. Arith comp. 8,00000 

Sum 19,88536 



half sum ot log. m\aAB . 9,94268 

wUdl answers in the tables 6P 12' 20^'; therefore 

aAB= 122O24M0'^ 
This taken from 180^ gives the angle OAB = 57° 35' 20''. 
In the same manner we find the angle OB A = 64^ 51'. The 
sum of these 122^ 26' 20", subtracted from 180^^ gives the angle 

O = bl^ 33' 40". 
from which the sides AO^ BO^ are easily found. 

56. It will be perceived from the foregoing examples, that where 
a right-angled triangle is employed^ it is necessary to measure or 
have given only one of the acute angles and one side. Thus, if I 
Fig. 31. take a station D {fg. 31) directly opposite to the object A^ whose 
perpendicular distance is required, having measured the side BD 
and tlie angle jB, I can determine the side AD by one solution 
thus, 

as sin BAD or cos J? : BD : : sin i5 : AD ; or 
as R : tang B : : BD : AD. 

But where the case requires an oblique-angled triangle^ it is 
necessary to know either directly or indirectly two angles and a side^ 
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or two sides and an angle. It is common in questions of this kind 
to measure, besides a side which is always an element, one angle in 
the triangle containing the side or sides to be determined, together 
with one of the opposite exterior angles, then the difference of 
these will be the other interior angle, as in articles 49, 52. An 
exterior angle is often found by adding the observed angle of eleva- 
tion or depression to 90^. Thus HBS + 90^ {Jig. 36) is equal Fig. 35. 
to the exterior angle of the triangle SBRj and BRS being sub- 
tracted from it, we shall have the other interior opposite angle 
BSR. The angle AGB {fg. 38) is found in a similar manner. ^* ^' 

In questions respecting heights and distances, although we employ 
for the most part either vertical or horizontal angles, yet it is obvi~ 
ous that the theorems of trigonometry are equally applicable to tri- 
angles whose planes are inclined to the horizon. In figure 40 for 
instance, having the angles OAC^ OCAy and the sideACy we 
{uroceed in finding the remaining sides, as if it were horizontal or 
Terdcal, that is, without having any regard to the position of its plane. 
We thus obtain a side of each of the vertical triangles AOBy 
COB. Care should betaken however in measuring, an inclined 
angle that the plane of the instrument have the same inclination. 

What precedes being well understood, the answers to the follow- 
ing questions wiU be readily found by means of the figures referred 
to. 

57. It is required to find the height of the castle BR {fg. 35), Fig, 35. 
above the level of the sea AS, and its horizontal distance from a 

ship iS at anchor, the angles of depression HBS, JVRS, being 
^ven equal respectively to 4^ 52^, and 4^ 2', the height of the 
casde being 54 feet. 

Answer, AS = 3690 feet, and w3B = 314 feet. 

58. It is proposed to find the distance between two objects A, 

B {Jig. 36), situated on a level, when tliey cannot be conveniently Fig. 36. 
approached. From two stations C, D, also on a level, we take 
the angles ACB = 37°, BCD = 58° 20^ CDA = 53^ 30^, 
ADB zzz 45^ 15^ and measure the distance CD = 300 yards. 

Answer, AB = 479, 79 yards. 

59. if both the objects A, B {Jig, 37), can be seen only from Fig. 37. 
one point D, we take a station C where A can be seen, and a sta- 
tion E where B can be seen, and measure CD = 300 yards, the 
angle ADC = 89^, ACD = 50° SO' ; also DE = 200 yards, 

and the angle BDE = 54^ SO' BED = 88° SO', the angle ADB 
Uring 72^ SO'. Answer, AB = 345, 5. 
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Rg. 38. 60. From a window A (Jig. 38) near the bottom of a house ' 
supposed to be on a level with the bottom of a church GD, the 
angle of elevation OAD of the top of the spire being 40°, and from 
another window jB 18 feet directly above the former, the angle of 
elevation GBE being 37° 30^ it is required to, find the height of 
the object GD and its distance AD. 

Answer, GD = 210, 44 feet, and AD = 250, 79 feet 
Fig. 39. 61. Being at the station A {fg. 39) on a horizontal plane, SLud 
wanting to know the height of a tower CD, placed on the top of a 
hill, we take the angle of elevation DAE of the top of the hill equal 
to 40°, and of the top of the tower CAE equal to 51° j then 
measuring in a direct line from the hill 100 yards to B, we take the 
angle CBE equal to 33° 45^ 

Answer, CD = 46, 67 yards. 
Tig. 40. 6^" Suppose the object OB {fg. 40) to stand upon a horizon- 
tal plane ABC^ and that AC \s equal to 250 yards, and that the 
angles at its extremities are known, namely,- OAC = 56° 46', 
OCA = 62° 54S OAB = 6° 40^ OCB = 7° 6'. What is the 
height OB, and the horizontal distances AB, CB ? 

Answer, AB = 254, 989 yards 
CB = 238, 814 
OB = 29, 745 

JSTavigation. 

63. The situation of places on the earth being designated by 
their latitude and longitude, that is, by their angular distance from . 
the equator, and from some assumed meridian, reckoned on the 
equator, the situation of a ship with respect to the places she has 
left, and those to which she is going is known, when we know her 
latitude and longitude. The method of finding these that first sug- 
gests itself is by astronomical observations. But as this method 
cannot always be resorted to, and is moreover, particularly in the 
case of the longitude, attended with labor and difficulty, it becomes 
an important problem to find the change of latitude and longitude 
corresponding to any given distance that a ship sails in any given 
direction f ; for, when this is known, by applying it to the 

f The distance, or the length of the path described by a ship, is 
estimated by observing the velocity of the ship at stated intervals. 



ATavigation, 39 

latitude and longitude of the place of departure, we learn the 
latitude and longitude of the place at which the ship has arriv- 
ed. If the course of the ship be due north or south, she does 
Dot change her longitude, and the whole distance in nautical 
miles is to be considered as so many minutes of a degree, and to be 
subtracted from the latitude of the place of departure, or added to 
it, according as her course was to or from the equator. If, on the 
contrary, the course of the ship were on a parallel of latitude, the 
whole distance is to be regarded as a change of longitude, which 
will be greater or less according to the latitude of the parallel. To 
reduce any arc of a parallel to degrees or parts of a degree, we • 
find the corresponding arc of the equator by the proportion, cosine 
of. the latitude is to radius, as any portion of a parallel is to that 

' portion of the equator which is comprehended between the same 
meridians (35). Then calling the miles minutes, as in the case of 
an arc of latitude, we have the change of longitude, which being 
iadded to the longitude of the place of departure, or subtracted from 
it, according as the direction has been from or toward the first 
meridian, we shall have the longitude of the place at which the ship 
has arrived. 

64. But as a ship sails for the most part neither upon a meridian, 
nor upon a parallel of latitude, but in a direction oblique to these, 
she is to be considered as changing both her latitude and longitude 
at the same time. If AB {Jig. 41) represent the line described Fig. 41. 

. by a ship, JVS being the meridian of the place from which she sets 
out, the angle CjIB will bd the course, AB the distance, AC her 
change of latitude, called difference of latitude, and CB the arc of 
a parallel of latitude intercepted between the meridian of the place 
mA and that of the place B, and which corresponds to an arc of the 
equator that measures the difference of longitude. This is called 
the departure. Hence if we know the course or angle A by the 



The instrument used for this purpose is called the log. The direc- 
tion of the ship's path^ or the angle which it makes with the merid- 
ian, is ascertained by the compass, and is technically called the 
course. It will be perceived that, from the unsteadiness of the 
wind and other causes, ''neither the distance nor course admits of 
the accuracy ^ with which lines and angles are measured on land. 
See note on the description of the compass and log. 
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compass, and the distance AB hj the log, AC and CB are etmly 
calculated. Suppose AB z=z 80, and CAB ±i two points, or 229 
8(y. Then 

As radius 10,00000 

is to the distance AB = 80 . • • 1,90309 

so is sin B = cos ./2 = cos 22^ 30' . . * . 9,96562 



to difference of lat AC = 73,91 . . 1,86871 

As radius 10,00000 

is to the distance AB = 80 . . . 1,90309 

so is sinA.. course . . 22^ 30^ . . . 9,68284 



to departure CB = 30,61 .... 1,48693 

In like manner, if in addition to the right angle C, any two partSi 
of which one is a side, be known, the others are readily found* 
The latitude AC^ for instance, being given = 73,91 together with 
the distance AB^ the course is determined by the following prc^r- 
tion; 

As the distance diB = BO .... 1,90309 



8,09691 
is to radius 10,00000 

so is diff. lat. AC . . 73,91 .... 1,86871 



to sin B = cos w2 • . cos course . . 22^ 30^ 9,96662 

66. The above method is not confined to portions of the earth's 
surface which, without sensible error, may be considered as planesy 
but is applicable to routes of any extent, in which the course re- 
mains unchanged. The path described by the ship becomes in this 
case a curved line, since it makes with each successive meridian th^ 
Fig* 42. same angle. Let A (Jig. 42), B, be two points, upon two contigu- 
ous meridians. Let AB^ BR^ be drawn to the northwest, or other 
point of the compass, to denote the course of the ship at these 
points. The angles BAPy RBP^ are equal. Now the arcs JBP, 
APi are not parallel ; on the contrary they converge and meet at 
P } therefore the angle PB^ is greater than PAQ^, and conse- 
quently greater than PBR. Therefore, since BR makes the same 
angle with the meridian that AB makes, the parts AB^ BR^ of the 
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path described by the ship are not in the same straight line nor in 
ihe same plane f. 

66. Let AB {Jig. 43) be any part of a rhumb line, PBJV, PAM, Tig. 43. 
the extierae meridians, JWIf the equator, PCK^ PEL^ two con- 
tiguous meridians cutting AB in the two points, C, E. If from the 
pole P we draw the arcs BS, CDj parallel to the equator, it is evi- 
dent, that, if AB be the path described by a ship, AS will repre- 
sent the corresponding difference of latitude, and MJST the differ- 
ence of longitude, made in passing from A to B, Accordingly, if 
EC denote the space passed over in a moment on the rhumb line 
ABy DE will represent the change of latitude, and LK the change 
of longitude in the same time. Now, as the triangle CDE, right- 
angled at D, is indefinitely small it may be regarded as a plane 
triangle. If then we suppose the line AB to be made up of parts 
equal respectively to CEj and each of these parts to be the hypoth- 
enuse of a right-angled triangle like CDE, it is manifest that these 
triangles will be equal among themselves, since, beside the right 
angle and hypothenuse being the same in all, they have each an 
angle equal to CED. It is readily inferred therefore, that the sum 
of all the hypothenuses CE, or the whole line AB is to the sum of 
all the sides DEj or the whole change of latitude, as one hypothe- 
nuse CE is to the corresponding difference of latitude jDE {Geom, " 
iv). Now since CDE is a plane triangle, it is similar to any other 
plane triangle having the same angles. Accordingly, if we con- 
struct a right-angled plane triangle JSCri, having the angle O equal 
to CEDf this triangle will be similar to the triangle CDE {Geom. 
74), and we shall have 

GHiGI ::EC : ED. 
But EC:ED::AB :AS; 

whence GH : GI i: AB : AS. 

Consequently, if we make GH equal to the length of the route, or 
distance AB {Geom. 142), Gl will be the corresponding difference 
of latitude. 



" .■ 



f A line drawn in such a manner as to make the same oblique an- 
gle with each successive meridian is not an arc of a great circle, or of 
any other circle, but is a peculiar kind of curve that approaches the 
pole continually in a sort of spiral, without ever reaphing it. It is 
called a rhumb line or lozodromic curve. 
Top. 6 
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Therefore J noiwtthstanding the path descried by a ship is a curv- 
ed line, if we construct a right-angled plane triangle having the 
hypothenuse equal to the distance, and one of the acute angles equal 
to the course, the side adjacent io this angle mill be equal to the 
difference of latitude, 

67. It remains to determine the change of place east or west, 
answering to any given course and distance. It is evident that this 
is CD foi- the indefinitely small route EC. Now, if we suppose, 
is above, trifttagles equal to CED, corresponding to the several 

, parts of AB, it will be seen, as in the former case, that the sum of 
all the hypothenuses EC, or the whole distance AB, is to the sum 
of all the sides CD, or the whole change of place east or west, as 
EC is to CD; or, on account of the similarity of the triangles 
CED, HGI, as GH is to HI. 

Accordingly, if we make a right-angled plane triangle having the 
hypothenuse equal to the distance, and one of the oblique angles 
equal to the course, the side opposite to this angle uriil be equal to 
the departure or the change of place east or west. 

68. The two propositions above given hold true, whatever be 
the distance to be reduced. Although this distance and change of 
plakie east or west be curved lines, it is not less rigorously exact to 
represent them by the sides of a right-angled plane triangle. But 
we i^hoold fall into a mistake, if, finding that Gl is equal to AS, we 
should conclude that HI is equal BS. HI indeed is equal to the 
^t/m of all the small arcs CD, which sum is greater than BS, since 
CD is greater than OQ. Moreover, if from the pole P we de- 
scribe the arc AR, it will be perceived that HI, or the sum of the 
small arcs CD, is less than AR. 

69. When we have determined the change of place north or 
south, it is easy thence to deduce the difference of latitude ; for, 
since this change takes place in a great circle, we have only to 
consider every sixty nautical miles as so many degrees, and to call 
the remainder minutes. 

70. As to the difference of longitude we cannot so readily de- 
duce this from the change of place east or west ; for, as we have 
just seen, the sum of the small arcs CD is greater than BS and less 
than AR. If we knew the latitude of an arc precisely equal to the 
Sum of all the arcs CD, it would be easy thence to determine the 
arc MJSr, the difference of longitude (35). Indeed this sum of the 
arcs CD does not materially differ from TF^, the middle parallel 
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between AR smdBS, except when the distance AB 19 great, or 
occurs in high latitudes f • When, therefore, we have found the 
difference of latitude Gl, if we add the half of this to the less lati- 
tude AMj the sum will be equal to MTj the latitude of the middle 
parallel ; we then obtain the difference of longitude by the following 
proportion ; as the cosine of the latitude MT of the middle parallel 
is to radius, so is TV, equal nearly to HI, 'the sum of the arcs 
CDf to the number of miles or minutes in the arc MJV, In other 
words, we construct a right-angled triangle BCD {fig. 44), having Fig. 44. 
the angle C^J) equal to the latitude of the middle parallel, and 
the side BC adjacent to^his angle equal to the number of miles in 
HI (Geom, 142), and the hypothenuse BD is the value of the arc 
MJST ; for, by the common theorem of trigonometry, 

sin BBC or cos CBD iRiiBC: BD, 

and by what has been shown above, 

COS. mid. lat : R :: dep. : dW. long. ; 

therefore BD is the difference of longitude in miles 6r minutes. 

71. But the difference of longitude may be obtained more cor- 
rectly, and in a reanner adapted to all distances and latitudes. By 
what has already been proved (35,37) 

CD :LK: : cos LD : R (fig. 43) Fig. 43. 

: : R : sec LD. 

Moreover the right-angled triangle CED gives 

ED: CDiiR: tang CED {Trig. 30) 5 

and by taking the product of the corresponding terms, we have 

ED: LK: : R^i sec LD tang CED j 
whence 

y ^ ED X sec LD tang CED 
^^= R^ 

_ ED sec LD tang CED 
"" R ^ R • 

But ^ p expresses the magnitude to be allowed to the 

■ 11 I ■ I I ■ » .1 

f If AB, the distance to be reduced, be 600 miles, the greatest 
error of the above assumption would amount to a little more than \'\ 
near the parallel of 45° ; it would be 4' towards the parallel of 60P, 
and 32^1 near the parallel of 75°, and these errors vary according to 
the cube of the distance. 
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parts ED of the meridian on Mercator's chart (37) ; by adopting 
the same reasoning for the arcs CD corresponding to the different 
parts of AB, we arrive at the conclusion, that the sum of all the 
arcs LKj or MJSTj is equal to the sum of all the meridional parts of 

the difference of latitude AS multiplied by — ^-^ , that is, mul- 
tiplied by the ratio of the tangent of the course to radius. We 
hence derive this simple rule for finding the difference of longitude. 
Radius is to the tangent of the course as the difference of latitude 
on Mercaior^s chart \ is to the difference of longitude.. 

72. If we construct a right-angled tniangle GJHU^ having the 
angle Q equal to the course, and the side &K' equal to the differ- 
ence of latitude on Mercator's chart, or the meridional difference 
of latitude, the side JUV will be the difference of longitude ; for 
by trigonometry, 

Rii^n^KGUii GK : KD, 

and, by what is above shown, 

R : tang course : : merid. diff. lat. : diff. long. 

Therefore KL' is the difference of longitude. This being added 
to the longitude of the place of departure, or subtracted from it, 
according as the route has been from or toward the first meridian, 
will give the longitude of the place at which the ship has arrived. 

73. Moreover from the similarity of the triangles G/Jff, GKU^ 
we have the proportion 

GI:IH::GK::K'L\ 

that is, 

diff, lat. : departure : : merid* diff, lat, : diff, long, 

74. Let now the following question be proposed. A ship, in 
latitude 47^ 23' N. and longitude 10° 17' W. from Greenwich, 
sails 126 miles in a direction S. W. by W., that is, making an 
angle with the meridian of 56^ 15' ; what is the latitude and longi- 
tude of the place at which she arrives ? 



t This difference of latitude on Mercator's chart is called meridio- 
nal difference of latitude. It should be observed that, if the two 
extreme latitudes u4, B, be one north and the other south, the sum of 
the latitudes on Mercator's chart is to be taken instead of the dif- 
ference. 
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We in the first place construct a triangle ABC {fg. 46), having ^g» ^• 
the angle A equal to the course or 66^ J 6^, and the side AB equal 
to the distance 126; BC will then represent the -departure, and 
AC the difference of latitude. These are found as before (64), in 
the following manner : 

As sin C = radius . . . . . 10,00000 

is to ^jB = 126 miles 2,10037 

soissinw3 . . 660 16' 9,91985 



to BC =. departure = 104 miles 

As the sine of C z= radius 

is to-4R = 126 . ... 

so is sin ABC = cos w3 . . 56° 16' 

« 


. 2,02022 

10,00000 

. 2,10037 

9,74474 



to AC =z diff. lat. = 70 miles = 1° 10' . . 1,84611 

Subtracting P lO' from 47^ 23' we have 46° 13' for the lati- 
tude of the place at which the ship arrives ; and by adding half of 
lo 10', or 36' to the less latitude 46^ 13', we have 46° 48' for the 
middle latitude between the two places A and B. 

We next draw BD making the angle CBD equal to 46° 48', 
the middle latitude. The line BD will then represent the diflfer- 
CDce of longitude, and is found thus : 

As the sin D = cos CBD = cos 46° 48' . 9,83640 



is to the departure =z BC =z 104 miles 
so is sin C = radius . . • 



0,16460 

2,02022 

10,00000 



to BD the diff. of long. = 163 = 2° 33' . 2,18482 

As the direction in which the ship sailed is from the first merid- 
ian, this is to be added to 10° 17', the longitude of the place of de- 
parture, which gives 12° 60' W. for the longitude of the place at 
which the ship arrives. 

76. The two right-angled triangles ABC, CBD, may be con- 
sidered as forming one oblique-angled triangle in which AB is the 
distance, A the course, BD the difference of longitude, and D the 
complement of the middle latitude. Consequently, any three of 
these being given, the fourth may be immediately found ; thus, in 



<y 
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above example, omittiog the proportion for the departure, we might 
proceed directly to fiod the difference of latitude, and thence the 
middle latitude, the complement of which would be the angle jD. 
Knowing, therefore, the angles A and D, and the side AB^ we 
obtain the difference of longitude by the following proportion : 

As sin D = cos CBD . . mid. lat. , . 46° 48' 9,83540 



0,16460 
is to AB = distance =126 ... 2,10037 

so is sm A . • course . . 56^ 15' . . . 9,91985 



to BD = diff. long. = 153 , . . 2,18482 

as before. 

It will be perceived that in the right-angled triangles ABCj 
BCD J any two of the parts of which we have been speaking being 
known in one, and one part in the other, the right angle excepted, 
the rest may be found. 

76. To perform the above question by the principles of Merca- 
Fig. 46. tor's chart, we take AD {fg, 46), equal to the meridional differ- 
ence of latitude f ; we then draw DE parallel to BC and meeting 
AB produced in £. DE will be the difference of longitude, and 
is thus found : 

As radius ....... 10,00000 

is to tang A . . course . . 56^ 15' . . 10,17511 

so is AD = merid. diff. lat. = 103 . . 2,01284 



to DE diff. of long. = 154 = 2^ 34' . 2,18795 

When the departure and difference of latitude are known, and 
not the course, we have the proportion (73), 

As AC = proper diff. lat. = 70 . . . 1,8451 1 



8,15489 
is to BC = departure = 104 . . . . 2,02022 
so is AD = merid. diff. lat. = 103 . . 2,01284 



to DE = diff. long. = 2° 34' . . . . 2,18795 



f The meridional difference of latitude may be taken from a table 
of meridional parts, calculated in the manner dflfccribed in article 38. 
See table of Meridional Parts at the end of this volume. Or it may 
be found by means of the line marked Mer. on Gunter's Scale. 



J^favigation. 47 

77. It 18 scarcely necessary to observe, that in this case, as in 
that of former solutions, any two parts besides the right angle (pro- 
vided these two be not the t)ther two angles) being given the re- 
maining parts may be found ; thus, let the latitude and longitude of 
any two places, either at sea or on land, be known, and their bear- 
ing and distance are readily determined. Suppose the two places 
to be, for instance, the southernmost point of land in England called 
the Lizard, in latitude 49° 57' N. longitude 6° 1 5' W. and the 
island St.' Mary, one of the Azores, in latitude 36^ 67' N. longi- 
tude 250 9' W. 

Lat. Lizard 49® 5T N. mer. parts 3470 long. 5° 15' W. 

Lat. St. Mary 36 57 N. mer. parts 2389 long. 25 9 W. 



Diff. lat 13 = 780 mer. diff. lat. 1081 diff. long. 19 54 = 1194 

Construct the triangle ADE {Jig. 46) making AD =z 1081, the,Fig*46. 
meridional difference of latitude, and DE perpendicular to AD =. 
1 194, the difference of longitude, and join AE. The angle DAE 
will be the course, or bearing of St. Mary from the Lizard, and is 
jibund thus : 

As ^JO = 1081 3,03383 



6,96617 
istoD-E=1194 . . . . . 3,07700 

so is radius • • • • • . 10,00000 



to the tang DAE = bearing . . 47^ 61' . . 10,04317 

If now from A we set off w3 C = 780, the proper difference of lat- 
itude and through C draw CB parallel to DE, we shall have AB 
equal to the distance of the above places from each other, by the 
proportion (Trig, 30), 

As radius 10,00000 

is to the sec course . . A . . 47^ 51' . . 10,17323 

so is the diff. lat. = AC = 180 . . . 2,89209 



to the distance z= .^JB = 1 162 • . . 3,06532 

78. In resolving the several problems of this chapter we have 
given only the method by logarithms. Where great accuracy is 
not required, the operation may be performed very expeditiously 
by means of the lines on Gunter's Scale. Similar results also might 
be obtained by geometrical construction. When the given parts of 
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a triangle are such as admit of the others being calculated by the 
rules of trigonometry, the triangle may be constructed {Geom. 141, 
&c.) and tbe part sought, if it be a side, is found by taking it in the 
compasses and applying it to the scale of equal parts, used for the 
given side or sides. If the required part be an angle, the degrees 
and minutes contained in it are determined by either of the rules 
Fig. 46. for measuring an angle. Thus, in the triangle ADE {fg. 46), 
constructed as above described the angle A is found by taking 
from the scale of chords the chord of 60^, or radius, and describ- 
ing from the centre A an arc, meeting the two sides AE, ADj pro- 
duced if necessary, and then applying the * chord of the contained 
arc to the same scale of chords (^Geom, 136.) 

79. The foregoing principles and examples being well under- 
stood, the learner will be able without difficulty to solve the follow- 
ing questions. 

(1.) A ship in latitude 16^ 35' S. sailed N. E. \ N. 540 miles. 
Required the departure thus made, and the latitude of the place at 
which she arrives. 

Arts. Departure 342 miles, latitude 9^ 38' S. 

(2.) The difference of latitude between two points is 441 miles^ 
and the course S. W. by W. Required their distance asunder, 
and the departure. 

Arts. Distance 793,8 mis. departure 660. 

(3.) A ship from Cape Clear, in latitude 51° 18' N. and longi- 
tude 11 o 15' W. sailed S. E. i S. 480 miles. Required the lati- 
tude and longitude of the place at which she arrives. 

Ans. Latitude 45^ 22' N. longitude 3^ 9' W. 

(4.) A ship from Bayonne, in latitude 43° 29' N. and longitude 
* 1° 30' W. sailed N. W, \ N. and by observation is found to be in 
latitude 51° 31' N. Required the distance sailed, and the longi- 
tude of the place at which she arrives. 

Ans. Distance 623,5 mis. longitude 11° 17' W. 

(5.) It is required to find the bearing and distance from Land's 
End to the island of Bermudas, the latitude of the former being 
50° 06' N. and the longitude 6° 00' W. and the latitude of the 
latter place 31° 20' N. and the longitude 64° 48' W. 

Ans. Bearing S. 66° 55' W. distance 2872 mis. 

(6.) A ship from Conception in latitude 36° 43' S. and longitude 
72° 40' W. sailed upon a single course between the north and west 
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till she was found by observation to be in latitude 29^ 38' S. havifkg 
made 324 mU^s departure. Required her course, distance, and 
longitude. 

^ns. Course 37® 19^ 
Distance 534 miles, 
Longitude 79^ 07' W. 

Beside the problems in navigation now resolved, there are oth- 
ers of the greatest importance, which depend upon the princi- 
ples of spherical trigonometry. These will be found in the next 
chapter. 



MisceUaneous Questions to he solved by the rules of Plane 

Trigonometry. 

• 

. 80, (1). Let A {fig. 47), C, be 4wo stations on a sloping Fig. 47. 
ground, distant 410 yards, O an object on the top of a hill ; the 
following angles being found by observation, namely, OCA = 79^ 
29', OAC z=L 63^ 11', and the angles of elevation at A and C 6^ 
36' and 5^ 22' respectively, it is required to calculate the height 
and distance of the object from each station. 

Ans. AG = 660,302, CB = 600,728. 
OB = 66,431,06= 76,4. 

(2). It is required to find the distance at which the Peak of 
Teneriffe may be seen at sea, its height AB {fig. 48), being 2| Y'lg. 49. 
statute miles, and the diameter of the earth BE 7916. 

Ans. 135 miles f. 

(3.) The top of a mountain being seen in the horizon at the dis- 
tance of 154 miles, what is the height of the mountain ? 

Ans. 3 miles f . 

(4.) The bearing of Boston light-house from Harvard Hall in 
Cambridge, being S. 74^ 29' E. and the distance 12| miles, re- 
quired the latitude and longitude of the light-house, the latitude of 
the above building in Cambridge being 42° 23' 28" N. and the 
longitude 71° 07' 25" W. from Greenwich. 

f No allowance is made in these solutions for terrostrial refractions. 
Top. 7 
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Fig. 49. (5.) From a ship under sail, an island {fg. 49), is observed to 
bear N. 22|0 E. and after proceeding N- 67^^ W. 20 miles, the 
bearing of the same island is found to be N. 56^^ E. The dis- 
tance from each place of observation is required. 

Ans. AC 29,93 miles, and BC 26 miles. 

(6.) It is required to find the distance and bearing of the city of 
Washington from Boston, the latitude of the former place being 
38° 68' N. and longitude 77^ 2' W., and the latitude of the latter 
420 22' N. and the longitude 71^ 4'. 
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CHAPTER III. 



Of the Solution of Problems in Spherical Trigonometry. 

81. The learner has already beeo made acquainted with the 
rules necessary for the solution of the cases that occur in JVautical 
Astronomy (61). The principles also upon which the lines of the 
celestial sphere are represented have been taught in the chapter on 
projections. More particular details relating to the construction of 
spherical triangles may be found in the note on the Description and 
Use of the Scale f. 

82. Given the sun's declination equal, for example, to 12^ 12' 
N. to find his longitude and right ascension, the obliquity of the 
ecliptic being 23^ 27' bT'. 

The solstitial colure JVjESQ {fg. 60), being assumed as the Fig. 50. 
primitive, the equator and the ecliptic will have their poles each in 
the circumference of the primitive, and, being great circles, will be 
represented by the straight lines JEQ, 251^ passing through the cen- 
tre of the primitive, and making the angle .4 TO equal to the 23^ 
2T 57'', the obliquity of the ecliptic (18). Draw the small circle 
mn at the distance of 12^ 12' from £Q, or 77^ 48' from JV, the 
pole of jEQ (18), and through O, the intersection £51^ andmn 
draw the celestial meridian JSTQS (Jig. 14, 15). In the triangle Fig. 14. 
AOfj right-angled at A, we shall have A'TQ equal to 23^ 27' ^^' 
67", the obliquity of the ecliptic, and ^0 equal to 12° 12' the 
sun's declination, to find TO) ^^^ sun's longitude or distance from 
Aries reckoned. on the ecliptic, and T*^> the sun's right ascension 
or distance from Aries reckoned on the equator. 

To compute the first of these quantities, the three circular parts 
in question are AQj co TO, co .^T© {Trig, page 63). ^O 
being separated from the other two, this is the middle part, and 
the other two opposite parts ; whence 

t It is supposed in what follows of this chapter, that the student 
has some knowledge of astronomy, and particularly of the techinal 
language of the science. 
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R sin Aq = cos (co TO) cos (cowJTQ) = sin TO sin.4TO, 
which gives the proportionf 

tin A<fQ . . obliquity . . 23° 2T bV . . 9,60010 

Arith. comp. . • 0,39990 

is to B 10,00000 

as sin AQ . . declination . . 12^ 12' . . 9,32495 



is to sin TO . . longitude". . 32° 03' 09'' . . 9,72485 

83. To find the right ascension, T^ the three circular parts are 
CO OT«^9 T>^9 and Ao, o( which neither being separated from 
the other two, since the right angle is not considered as disjoining 
those between which it is placed, T*^ is the middle part, and the 
other two are adjacent parts ; whence 

jR sin Tw3 = tang (co O T^) tang Aq = cot O T-4 tang AQ ; 
and to find T^ we have the proportion 

R 10,00000 

is to cot O T^ . . obliquity . • 23° 27' 57" • 10,36241 
as tang wiO • • declination . . 12° 12' . . 9,33487 



is to sin Tw2 . . right ascension 29^ 52' 20" 9,69728 

If this be converted into time at the rate of 15° to an hour, we 
shall have for the right ascension in time I'' 59' 29". 

84. It will be observed that as the sun's declination is the same 
four times in the year, namely at equal distances each way from the 
equinoctial points, th^ same declination answers to four different sit- 
uations of the sun, as to his longitude and right ascension. When 
the declination is given, therefore, it is necessary to know the time 
of the year or the part of the ecliptic, at which it takes place, ia 
order thence to determine the sun's longitude and right ascension* 
Thus, while the sun is moving from T to 25, or is in the first quad- 
rant of the ecliptic, the longitude is TO9 a°d the right ascension 
^Aj as above given. When, however, the sun has passed the sol- 
stice S3, and is descending toward £^:, the computation having 

^^■^^^^^^—M ■■■ ■ ■ I . M I M I Mi— ^1^^^— ■ I I !■■■ »■ ■■■»■ I ■ ■ !■■■ I ^ 1^^^— ^^— ^^^M^B^i^— ^ I m — — M^— ^i— ^^^^^ ■ ■ I , ^ 

t It will be observed that the proportion must begin always with 
that terra of the equation which is multiplied by the term sought. 
The three first terms then become known terms, and the last the term 
required. 
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reference to the triangle w^dCbO) gives £2:09 ^^^^9 the distance of 
the sun from ^, the supplements of which, or what they want of 
180^^ will be the distance of the sun from T, or the longitude and 
right ascension respectively. 

When the sun has passed :^ and is descending toward >y, the 
computation relates to the triangle ^a O^ and the quantities d^O> 
TCta, are to be added respectively to 180^, to obtain the longitude 
and right ascensiori reckoned from SP. 

When the sun has passed 15 and is ascending toward SP, we 
make use of a triangle VflO> and the arcs TO* *^ ^> found as 
above, are to be taken from 360^, and the remainders will be the 
Iongitud9 and right ascension respectively. 

85. It will be perceived that in the triangle wiTQ, above men- 
tioned, any two parts beside the right angle being given, the rest 
may be found. If, for instance, we had the longitude T O = 
32° 03' 09''j and the obliquity of the ecliptic w3 T © = 23° 2T 67'', 
we might proceed to find the declination and right ascension. 
Thus, 

To find the declination AQ, the three circular parts being 
co.^TO, CO TG and ^Q, the middle part is^O, and co 
A^Qf CO V© are opposite parts ; whence 

JR sin AQ = cos {coA^Q) cos (co TQ) = sin •5TO sin 
¥0,a«d 

R 10,00000 

is to sin ^T© i. . obliquity . . 23^ 37' 57" . 9,60010 

as sin TO . . longitude . . . . 32^ 03' 09" . 9,72485 

is to sin w^O . . declination . . 12^ 12' . 9,32495 

To find the right ascension ^A, the three circular parts being 
^A, CO w2«f 0, CO T0, CO ^T0 is the middle part, and fA, 
co T O adjacent parts ; whence 

jRsin (cow2TO) 

or jR cos w3T0 = tang fA tang (co T©) = tang fA cot 
T©, and 
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cot TO . . longitude 32° 03' 09^' 10^0333 

9,76667 

istojR 10,00000 

as cos w2 TO . . obliquity 23^ 27' 67'' 9,96251 

is to tafig fA . . right ascension f . . 29^ 52' 15" 9,75918 

86, (1.) Given the sun's declination 17^ 16' N. increasing, to 
find his longitude and right ascension, the obliquity being, as above 
stated, 23° 27' 57". 

Am. Sun's longitude 4?° 35', and right ascension 45^ 07^ 

(2.) Given the sun's right ascension 134^ 54', to find his longi- 
tude and declination, the obli(Juily of the ecliptic being 23° 27' 57". 
Ans. Sun's longitude 4« 12° 26', declination 17° 06' N. 

87. The latitude of the place equal, for example, to 42° 23' 28" 
N. and the sun's declination, being given, to find the time of rising 
and setting of the sun on the 21st of June. 

FigaSl. Taking the meridian ZHJY^O {Jig, 51), as the primitive, the 
equator and horizon will be represented by the straight lines £Q, 
HO, passing through the centre of the primitive, and making the 
angle E^H equal to the complement of the latitude, JSTS perpen- 
dicular to JEQ will represent the 6 o'clock hour circle, or the me- 
ridian perpendicular to the meridian of the place ZHJSTO. The 
small circle n m, drawn parallel to JEQ and 23° 27' 57" distant 
from it will represent the apparent path of the sun on the 2 1st of 
* June. O will be^he place of the sun at sunrise, and n his place 
at noon. Accordingly the hour angle QJVn, or the arc O w, or 
which is the same thing as to the number of degrees, AE, con- 
verted into time at the rate of 1 5° to an hour, will give the time of 
sunrising and sunsetting from noon. But ^E being 90° is equiva- 
lent to 6 hours. It is only necessary, therefore, in solving the 
above problem, to find the arc./2T, called the ascensional difference. 
Now in the triangle AQ^^ right-angled at A, we have A^Q 
equal OQ or EH, the complement of the latitude, and .^O the 
sun's declination, to find A^. In this case we have A^ for the 
middle part, and co A^Q, AQ, for the adjacent parts. Whence 

t This result differs from the former by 5". They will be found 
to agree, however, when logarithms are employed to seven places of 
decimals instead of five. 
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R sin wJY = tang (co w^TQ) tang AO = tang JVVO tang AQ, 

and 

jR 10,00000 

is to tang JVVO . . lat 42^ 23' 28^' . 9,96040 

as tang AQ . . declin. . . . 23^ 2T bT' . 9,63759 

is to sin w3T . . ascen. diff. . • 23^ 20' 42'' • • 9,59799 

In the preceding solutions, by taking radius into consideration 
we reduce the operation for the answer to the form of a proportion, 
analogous to what takes place in most of the cases of plane trigo- 
nometry* The same result might be obtained more concisely by 
following the rule in italics {Trig, page 64), Thus in the above 
problem, for example, we have 

sin^av = tang (cow2TO) tang .^O 2= tang JVVO tang AQ, 
or by taking the logarithms 

log sin .^T = log. tang JVVO + log. tang .^O, 
thus, 

tangJVYO . . lat 42^ 23' 28" . 9,96040 

tang AO . • declin 23° 27' 57" . • 9,6^759 

sin ^Y . . ascen. diff. . . 23^ 20' 42" . 9,59799 

The arc 23° 20' 42" being converted into time at the rate of 
15° to an hour gives I'* 33' 23" nearly for the time the sun rises 
before and sets after 6 o'clock, on the longest day. Hence 
Qh _ ih 33/ 23// =r 4^ 26' 37" time of sunrising, 
6*» + 1*» 33' 23" = 7*» 33' 23" time of sUnsetting. 
71* 33/ 23", the time of sunsetting, being the time from noon, or 
half the day, if this be doubled it will give 15^* 06' 46" for the 
length of the longest day. Also 4° 26' 37", the time of sunrising, 
being the time from midnight, if this be doubled it will give the 
length of the shortest night, at any place whose latitude is 42° 
23' 28". 

68. Moreover, if we draw the parallel of declination r s 23° 27' 
57" south of £Q, we shall have Bq^ equal to AQT ; and 
¥JB, equal TA, converted into time, shows how long it is after 6 
o'clock before the sun rises, and how long before 6** the sun sets. 
The longest night and shortest day, therefore, become equal re- 
spectively to the longest day and shortest night, as before found. 
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It will be perceived from what is above shown, that when the 
latitude and declination are both north or both south, the sun rises 
before and sets after 6 o'clock ; but when one is north and tba 
other south, the sun rises after and sets before 6. 

89. We have seen that n m and r s represent the apparent path 
of the sun, when at its greatest declination north and south, and that 
m Q measures the time from midnight to sunrise, or half the night, 
and r the time from sunrise to noon, or half the day. Conse- 
quently, when QO, the complement of the latitude, is less than 
JiO or Q m, the declination circles, n m and r s will not touch tbe 
horizon HO. In such a case, therefore, when the sun is in nm it 
will not set, and when it is in r 5 it will not rise. But this can hap- 
pen only to those places whose polar distance is less than the sun's 
greatest declination 23^ 2T bV. 

90. It may be observed, that as O is the north point of the hori- 
zon, ¥ is the east point, and T is the sun's amplitude or dist- 
ance from the east at the time of rising, and from the west at the 
time of setting. This arc of the horizon T O belonging to the 
triangle TwJQ, already employed, we have for the circular parts 
CO wJT0, CO T©, and !^0, of which AO is the middle part, 
being separated from the others by the angle VQAy and cos 
(co A^q), cos (co T ©) are opposite parts. Whence 
8inw30.= cos(co^TO) cos (co TQ) = sin -4 V© sin *¥*©. 
Dividing both sides by sin A^Q,wq have 

^^ sin il© 
sm T © = - — Ti^zzi 

or by caking the logarithms, 

log. sin V© = log. sin .^© — jog. sin .4T©, 

thus, 

sin ./?© . • declin. .... 23^ 2V bV . . 9,60010 
sin -4t© . . CO lat. . . . 47° 36' 32'' . 9,86839 



sin V© . . amplitude • . 32^ 37' 35" from N. 9,73171 

In the triangle ^Ao any two parts beside the right angle being 
given, the rest may be found. Let the sun's amplitude, for in- 
stance, be supposed to be known equal to 32^ 37' 35" from the 
north, and his declination equal to 23^ 27' 57" N. to find the kiti- 
tude and time of the sun's rising and setting. 

Ans. Latitude 42^ 23' 28" N. 

Time of sun's rising 4** 26' 37", 
Time of sun'»5 settmg 7*» 33' 23". 
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At London in latitude 51^ 32' N. the sun's amplitude being 
found by observation equal to 39^ 48' from the north, what is the 
sun's declination and time of rising and setting ? 

Am. Sun's declination 23^ 27' 5d" N. 
Time of sun's rising 3*' 47' 32", 
Time of sun's setting 8** 12' 28". 

9ft Required the azimuth and time of rising and setting of Arc* 
turns at Cambridge, in latitude 42® 23' 28" N. August 1, 1820, 
the declination of the star being 20® 07' 28" N. {Jig. 62), and its rig. 58. 
right ascension 14^ 7' 28", and the right ascension of the sun 
& 4^ 69". 

The learner will proceed in this case to find ^Jl as before. 
This reduced to hours, minutes, &dc. and added to 6^, will give 
the time in which the star passes from the horizon to the meridian. 
But the star crosses the meridian 14*» 7' 28" — 8** 46' 69", or 
^ 21' 29" after the sun, that is, at b^ 21' 29" P. M. Conse- 
quently the above time subtracted from this (increased by 12**), will 
give the time of the star's rising, and added to this, will give the 
time of the star's setting. 

Am. Star's azimuth 62® 14' 07" from the north, 

time of rising 10^ 03' 20" A. M. 

time of setting 12*' 39' 38" P. M. 

91. The above method may be employed to find the time of 
rising and setting of the moon and planets. But when the change 
of declination is considerable in a short time, as is the case espe- 
cially with respect to the mopn^ and with respect to the sun when ^ 
near the equator, the declination should he ascertained near the 
time of rising and setting of the body in question. 

92. Given the latitude of the place equal to 42® 23' 28", and 
the sun's declination equal to 23® 27' 57" N. to find the sun's alti- 
tude and azimuth at 6 o'clock. 

The meridian ES^N {fig. 53), die equator £Q, hut. being Rf. 88 
described as in figure 61, the declination circle nm will cut the 
6 o'clock hour circle NS in ©, the sun's place at 6 o'clock. 
Through © describe the azimuth circle ZQAN* cutting the hori- 
zon in A. 

In the triangle V^0, right-angled at A, we shall have .5 V©- 
= the latitude, T© =: declination, to find Aq the ahitud^. In 

Top. 8 
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this case AQ is the middle part, and co AVQ, co YQ opposite 
parts. Whence 

sin AQ = cos (co^*f O) cos (oo TO) = sin-flV© sin VO, 
and, taking the logarithms, 

log. sin AQ == log. an A^Q + log. sin TO, 
thus 
sin^VO . . . lafc. . . 4aP2i'26" . .©,82878 
sin V0 ... declin. . 830 27' 67" • . 9,60010 

sin ^O . . alt. ... 15° 34' 22" . . 9,42888 

t 

It is evident, moreover, from the above construction, that the 
angle OZA^ or which is the same thing, the arc OA^ is the sun's 
azitnuihf or angular distance irom the north. Accordingly, if ire 
find ^A in the above triangle Tw20, and subtract it from 90^, 
we shall have OA = sun's azimuth at 6 o'clock. The three cu^ 
cular parts in this case are T-4, co ^TO, co TO, of which ' 
CO A^Q is the middle. part, and ¥w2, co TO, adjacent jnuIs. 
Whence 

sin(co./JYO) 

or cos AfQ z= tang "VA tang (co «fO) = tang ^A cot TO, 

* oo a cosilTO 
or tansT^=.^^jP^^; 

and, by logarithms, 

log. tang Tw2 = log. cos AtQ — log. cot. TO- 
thus, 

coSitfTO . . . lat. . . 42° 23' 28'' . .9,86839 
cot TO ... declin. . 23° 27' 67" . 10,36241 



tang Tw2 . . co-azimuth . 17° 46' 36" . 9,60698 
consequently 90° — 170 46' 36" 5= 72^ 13' 26" = sun's azimuth 
at the above place and time. 

93. It is obvious to remark that, as the declination TOi 1°' 
creases, the altitude w^O of the sun at 6 o'clock increases also, and 
•the azimuth OA diminishes. While, on the contrary, the <leclina- 
tion decreases, the reverse takes place, till the declination becomes 
nothing, when the altitude at 6 o'clock is nothing, and the azinauth 
900 ; that is, at the equinoxes the sun rises in the east and ^ets in 
the west at G o'clock. 



t. 
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94. In tbe above solution the latitucle and declination are tx>th 
of tbe same kind, namely, north. Tbe same win evidently bold 
true^ when they are both south. When, on the other bandj one is 
north and the other south, we shall have a (s>, equal Aq^ equal to 
the depression of the sun below tbe horizon at 6 o'clock ; and a Y9 
equal A^, equal to the complement of the sun's azimuth, reckon- 
ed from the south point H of the horizon. Thus the sun is^ as far 
below the horizon at 6 o'clock on the shortest day, as he is above 
the horizon at 6 o'clock on the longest day ; and the sun rises as 
far south of east in the former case, as he rises north of east in the 
latter. 

95. In tbe above triangle A^O any two parts beside the right 
angle being given, the rest may be found. Let the two given parts 
be, for instance, the declination T © = 23^ 27' 57'', and the alti- 
tude at 6 o'clock .^O =15° 34' 22", to find the latitude of the 
place A^O, and the sun's azimuth, the complement of wJT* 

Ans. Lat. 42^ 23' 28" 

Sun's azimuth 720 13' 25". 
Given the latitude of the place OJV {fg. 54) = 51° 32' N. and ^ig. 54. 
the declination of a star T* =20*^ 16' N. to find the altitude 
and azimuth of the star, when on the 6 o'clock hour circle. 

• • Ans. Altitude 15^ 44' 
Azimuth 77° 0». 

Tbe time of the star's passing die 6 o'clock hour circle may be 
found by subtracting 6^ from the difierence of the sun and star's 
right ascension for the given time. 9 

96. Given the latitude of the place 42^ 23' 28" N. and the 
sun's declination 23^ 27' 57" N. to find the time when the sun is 
east or west, and his altitude at this time. 

Figure 51 being constructed as already described (86), ZJV* will Fig. 51. 
be the prime vertical^ or great circle perpendicular to the horizon 
passing through the east and west points. The point a, where the 
tropic n m cuts ZJSPy will be the place of the sun, when seen due 
east or west, and ^ a will be his altitude at this time, and the hour 
angle a JSTZ = BE = complement of ^B, reduced to time, will 
give the hours, minutes, &c. from noon, when the sun is in this sit- 
uation. Accordingly, in the triangle ^ aB, right-angled at B, we 
have a ^ B m latitude, and B a :=: sun's declination, to find T a 
and T-B. 
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(1.) The three circular parts beiog Ba, oo ¥ a^ and co a yJ3, 

J? a is the middle part, and the other two are opposite parts. 
Whence 

sin Ba = cos (co ¥ a) cos (co a ^B) = sin ¥ a sin a ¥ J?, 

^ sin ^ a 

or . sm *¥* a = -T 



sin a VB* 

and 

log. sin ¥ a = log. sin J3 a •--^ log. sin a *fB, 
thus 

sinBa ... declin. . . . 23^ 27' 67^' . . • 9,60010 
sin arB . . lat 42° 23' 28'' . . . 9,82878 



sip Ta ... altitude . . 36^ 12^ 09" . . . 9,77132 

(2.) To find VJ5, the three circular parts being co a TjB, V-B 
and Bat ^B is the middle part, and the other two are adjacent 
parts. Whence 

sin TjB = tang (co a ^B) tang B a = cot a VB tang B a, 

and 

log. sin ^B = log. cot. a tB + log. tang Ba, 

thus 

cot aTB . . . . lat 42° 23' 28" . . 10,03960 

Ung B a .... declin. . . 23° 27' 57" • . 9,63769 

sin ¥B . . hour angle . . . 28® 23' 42" . . 9,67719 

This angle 28^ 23' 42" reduced to hours, minutes, &c., gives 
1^ 53' 35" for the true time after 6 o'clock, on the 21st of June, 
when the sun is east. Accordingly the actual time is 7^ 53' 35". 
If we subtract this from 12** we shall have 4^ 6' 25" for the time 
when the sun is on the prime vertical in the afternoon of the ^ame 
day. 

97. In the triangle ^ aB any two parts being given beside the 
right angle, the others are found as before. The sun's declination, 
for instance B a, being 23^ 27' 57" N. and his altitude when 
on the prime vertical T a 36° 12' 09", it is proposed to find the 
latitude of the place and the hour of the day. 

Ans. Latitude 420 23' 28" N. 

Hour of the day 1^ 53' 35", A. M. 
or A^ 06' 25", P. M. 



Jfautieal Astronomy. 61 

98. Given the latitude of the place 42^ 23^ 28^^ N. and the sun's 
declination 23^ 27' 67" N. to find the time when twilight begins 
in the rooming and ends in the evening. 

The meridian (fg. 55), equator, &^c. being described as before, ^ig. 65. 
we draw the crepusculum circle rs parallel to the horizon HO and 
18° below it, cutting the tropic nui in 0. © will be the place of 
the sun at the beginning and end of twilight. Through Q draw 
the vertical circle ZoJV', and the hour circle JV*OS. 

In the triangle ZQJ^ we have ZJ^T = the co-latitude =47° 
36^ 32^', Z© = the zenith distance = 90° + 18° = 108°, 
JV© = co-declination or polar distance = 66° 32' 03'', to find 
ZJVQ = hour angle from noon ( Trig. 62). 

ZJSr = 47° 36' 32" 
Zq ='l08° 00' 00" 
JV© = 66° 32' 03" 



Sum 222° 08' 35" 



Half sum 111° 04' 17" 

47° 36' 32" 



Ist remainder 63° 27' 45" . . . log- sin . . . 9,95165 

2d remainder 44° 32' 14" . . . log- sin . . . 9,84595 

ZJV 47° 36' 32". . . . ar. comp. log. sin 0,13162 

A*© 66° 32' 03" . . . ar. comp. log. m 0,03749 

19,96671 

74° 14' 15" . . log. sin \ ZJ^Q = 9,98335 



ZJ>rQ = 148° 28' 30" 

This angle reduced to time gives 9^^ 53' 52" for the hours, min- 
utes, &c. from noon to the commencement and termination of twi- 
light. Thus J2»» — 9^ 53' 52" = 2^ 06' 06" is the time of day- 
break, and 9^ 53' 54" is the time of the cessation of twilight in the 
evening on the 21st of June in latitude 42° 23' 28" N. 

If we subtract the time of daybreak from that of the sun's rising 
4** 26' 37" (87), or from the time of the twilight's ceasing that of 
the sun's setting, we shall have 2^ 20' 31" for the duration of twi- 
light at the above time. 
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99. It will be obsenred that when OQ — Q m, or the co-latitude 
— the declinatioD, is le3S than Os or 18^, the sun does not descend 
below the crepusculum circle, and the twilight continues all night. 

* Suppose, for instance, the given place to be London in latitude 
61^ 32' ; the co-latitude OQ in this case is 38° 28^ If now from 
88^ 28' we subtract the declination Q m == 23^ 28', we shall baro 
O m = 15^, and consequently less than Os, m therefore falls be^ 
tween O and Sy and the declination circle n m'does not intersect tiie 
crepusculum circle r s, and there is no cessation of the twilight 
during the night. We see, moreover, that if the given place bad a 
less latitude by 3^ than that of London, the crepusculum and - de- 
clination circles would just touch each other on the longest day, 
and that the sun would descend only 18^ below the horizon at 
midnight. 

(1.) Given the latitude of the city qf Washington 38° 68' N. to 
find the duration of twilight on the 21st of March. 

Ans. Duration of twilight 1^ SO*. 

(2.) Given the sun's declination 10^ S. the latitude of the place 
being 51^ 32' N. to find the time of daybreak in the morning and 
end of twilight in the evening. 

Jlns. Time of daybreak 4^ 64' 22", 

End of evening twilight 1^ 6' 38". 

100. The sun appearing at a mean about 33' above his real 
place when in the horizon, it is proposed to find how much the day 
is lengthened on this account at the summer solstice. 

Fig.-65. L^t the parallel circle rs [fig, 65) be drawn 33' below the hori- 
zon HO instead of 18°, the rest of the figure being constructed as 
before, and we shall have ZQ = 90° 33', ZN and JV© remain- 
ing unchanged, to find ZNQ the hour angle from noon. 
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ZJf 

Zq 

JfQ 
Sum 


= 470 36' 32" 
= 90° 33' 00" 
= 66° 32' 03" 

204° 41' 36". 


Half sum 
ZJf 


102° 20' 47" 
470 36' 32" 



1st remainder 64° 44M6'' .. log. sin. . . . 9,91196 

2d remainder 36° 48' 44'' . . log. sin. . . . 9,76725 

ZJV 470 36' 32" . . ar. comp. log. sin 0,13161 

NO 66° 32' 03" . . ar. comp. log. sin 0,03749 

19,84831 



67<^ 06' 53" . . log. sinl ZJV© 9,92415 
2 



ZJV© = 1140 13' 46" 

The angle ZJVQ reduced to time, gives 7^ 36' 55". Accord- 
ingly, if from this we subtract 7' 33' 23", the computed time of 
sunsetting where no allowance is made for refraction, we shall have 
3', 32" for the prolongation of each part of the day on account of 
the apparent elevation of the sun produced by refraction. 

101. (1.) The latitude of the place remaining the same, it is 
required to find how much the length of the day is increased on 
account of refraction at the time of the equinoxes, 21st of March 
and 23d of September, and at the winter solstice 21st of Decem- 
ber. 

(2.) It is required to find how much the day is prolonged, on 
account of refraction at the above times for any other latitude, as 
that of the city of Washington, for instance. 

102. Given the latitude of the place 42^ 23' 28", the sun's de- 
clination 23Q 27' 57" N. and altitude 46^ 20' f, to find the hour 
of the day. 

in figure 56 the meridian, horizon, &;c., being constructed as be- Fig. 56. 
fore, draw the declination circle m n 23° 27' 57" N. and the par- 
allel circle r s 46° 20' above the horizon HO, intersecting m n in o- 

t The altitude is taken with a quadrant, sextant, or other instru- 
ment, and corrected for refraction. 
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Through draw the azimuth circle ZqJ^j and the hour circle 
JVOS. 

In the oblique-angled triangle Z0JV* we have ZJST^z co-latitude, 
ZO = co-altitude or zenith distance, and JVQ =: co-declinatioa 
or polar distance, to find ZJVQ the hour-angle from noon. 

ZJV = 470 36' 32'^ 

ZO t=z 430 4(y 0(K' 
JV© = 66° 32' 03'' 



Sum 


1570 48' 36" 


Half sum 


780 54/ 17// 


ZJV 


470 36' 32" 



1st remainder 31° 17' 45" . . log. sin . . . 

2d remainder 12° 22' 14" . . log. sin . . . 

ZJV ... 47° 36' 32" . . ar. corap. log. sin 

JV© . . . 66° 32' 03" . . ar. comp. log. sin 



23° 64' 34" . . log. sin i ZJVQ 
2 



9,71556 
9,33089 
0,13161 
0,03749 

19,21654 

9,60777 



ZJVG = 47° 49' 08" 

The hour angle reduced to time gives 3^ 11' 17" as the interval 
from noon. This answers to 12^» — 3** 11' 17", or &" 48' 43" in 
the forenoon, or 3'' 11' 17" in the afternoon. When the given 
altitude is furnished by observation, it is of course known to which 
part of the day it relates. 

103. To find the azimuth ZJV© we proceed according tatbe 
above method ; thus, 

1st rem. as before = ... 31° 17' 46" log. sin 

\ sum — Z© or 2d rem. = 36° 14' 17" . • . 

ZJSr .... 47° 36' 32" . . . 

Z© . . . . 43° 40' 00" • • . 



9,71655 
9,76116 
0,13161 
0,16086 



19,76918 



60° 03' 10" . . log. sin I JVZ© 9,88459 

2 



JVZ© = 100° 06' 20" 



i 
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The above method is to be adopted when the three sides only 
are known. The hour angle ZJSTOs for instance, having been 
found, we should proceed according to the rule, the sines of the 
sides are as the sines of the opposite angles {Trig, 47) ; thus 

sin ZQ . . co-altilude . . 43° 4(y 00'' . . 9,83914 



0,16086 
is to sin ZJV© . . hour angle 47° 49' 08" . ; 9,86984 
as sin JV© . . co-decliriation 66^ 32' 03" . . 9,96251 

is to sin JVZo . . azimuth . 100^ 06' 20" . . 9^99321 

104. (1.) Given the latitude of the place 51° 30' 54" N. the 
sun's declination 19^ 39' N. and the altitude of the sun's centre 
8Q° 19', to find the azimuth and the hour from noon. 

• Ans. Azimuth N. 107^ 46' 30" W. 
Hour from noon 3^ 30'. 

(2.) In latitude 51° 32' N. when the sun has no declination, 
what is his altitude and azimuth at 3^ 30' from noon ? 

Ans. Altitude 22° 1 5', ^ 

Azimuth S. 59° 01' E. or W. 

(3.) At the time of the equinox the sun's altitude being found 
by observation to be 22° 15', and his azimuth S. 59° E. it is re- 
quired to find the hour of the day and the latitude of the place. 

Ans. Time .8^ 30', 

Latitude 51° 32' N. 

(4.) In latitude 39° 54' N. longitude 35° 30' W. th^ altitude of 
tie sun's lower limb on the 7th of May 1796, at 5^ 30' 32" P. M. 
per watch was found by observation to be 15° 40' 57" ; how much 
was the watch too fast or too slow f ? 

Ans. Watch too slow 3' l'<. 

105. Given the right ascension and declination of a star, or other 
heavenly body, to find its latitude and longitude. Let the body be 



, f In questions of this kind the learner is supposed to have access 
to the Nautical Almanac^ or other similar ephemeris for the sun's de- 
clination and semidiameter for the given longitude and time. In the 
present case we should find the sun's declination 16^ 58' 31'' N. and 
semidiameter 15' 53". 
Top. 9 
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Capella, for example, having a right ascension equal to^5^ 5V 04'^ 
and a declination equal to 45^ 48' 10" N. 
Fig. 67. The solstitial colure JVESQ^ {fig. 67), being taken as the prim- 
itive, the equator and ecliptic will have their poles each in the cir- 
cumference of the primitive, and, being great circles, will be repre- 
sented by the straight lines £Q, l^s (18). Draw the oblique 
circle JV*C5, making an inclination QA7i equal to the complement 
of the' right ascension. Parallel to jEQ, and distant from it 46^ 
48' IC, describe a declination circle cutting NCS in C. Lastly, 
through the point C and the poles of the cliptic n, m, project the 
oblique circle n Cm; C will represent the place of the star, CV 
its latitude, or distance from the ecliptic, and Cn T its longitude, 
or angular distance from aries reckoned on the ecliptic. 

In the triangle n JVC, we have n JV = 23° 27' 57", the obli- 
quity of the ecliptic, J^C = 90^ — 45^ 48' 10", or 44° 11' 60", 
the complement of the declination of Capella, and the angle 
nJVc=z 90O + 760 61' 04", or 166° 61' 04", the right ascen- 
sion added to 90^, to find n C, the complement of the latitude 
CFi and CnJV, the complement of the longitude SP n F", or SP f^. 

This question is readily solved by the formula for the case where 
# two sides and the contained angle are given {Trig. 61). Thus, 

' A'C = 440 1 1' 60" 

n JV = 230 27' 67" 



JVC + n JV = 07° 39' 4" 
JVC — nJV:^ 200 43' 63" 
i {JVC + nJV) =33049' 63" .... cos .. . 9,91943 



0,08067 
^ {JVC— nJV) = 100 21' 66" .... cos .. . 9,99286 

^ w JVC = 820 55/ 32// .... cot .. . 9,09378 



^{JVnC—JVCn) = 8^ 21' 38" .... tang . . 9,16720 
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1 {JfC + n JV) = 330 4^ 53" .... sin .. . &,74566 

0,26434 
1 {JVCt- nJV) = 100 21' 56" .... sin .. . 9,25509 

lnJ>fC = 820 55' 32'' .... cot .. . 9,09378 



KjYnC — JVcn) = 2^ 17' 48" .... tang . . 8,60321 

Having now the half sum and half difference of the two unknown 
angles, if We. add these together we shall iiave the greater {Trig. 
p. 8t, note) J which, being opposite the greater side {Oeom. 485), 
will be JVn C. Whence 

so 21' 38'' 
2° 17' 48" 



NnC=Vsz^ 10O39'^6" 

90 



<f n F = fV= long, of C = . . 79° 20' 34" 

Tafind the side w C we make use of the proportion, the sines 
qfihe sides are as the sines cj the opposite angles (Trig. 47). 
AssinJVnC . . 10^ 39' 26" . 9,26701 

0,73299 
is to sin JVC . . . 44^ 11' 50" . . 9,84331 

so is sin n JVC . . 165° 51' 04" . 9,38818 



to sin n C . • .67° 08' 30" . . 9,96448 
Taking 67^ 08' 30" from 90^, we have 22^*1' 30'< equal to 

CFi the latitude of the star C. 

106. This problem admits of an easy solution by Napier's rules. 

Suppose a perpendicular CP let fall from the point C upon JVQ ; 

we shall have in the triangle CAP, right-angled at P, the side 

CAT -and the angle at JV, by means of which we first find AP ; 

thus 

sin (co CJ>rP) = tang (co CM) tang JVP, 
whence tang JVP = cos CXP tang CJV, 

and by logarithms. 



.1. 
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cos CJVP . . 140 08' 56" . . 9,98662 
tang CJV . . . 440 1 1' 6(K' . . 9,98783 

tang JVP . . . 430 18^ 65^' . . 9,97446 

Adding JVP to JVn we shall have n P = 66° 46' 62'', and by 
considering JVP and n P as middle parts, the third of Napier's 
rules gives the following proportion : 

As sin JVP . . . . 430 18' 66" . . 9,83633 

0,16367 
is to tang (co CJVP) = cot CJVP 14^ 08' 66" . . 10,69845 
so is sin n P . . . . 66° 46' 62" . . 9,96332 



to tang (cb C n JV) = cot C n JV 10° 39' 26" . . 10,72644 

Lastly, by the fourth of Napier's rules, co JVC, co n c, being 
middle parts, we obtain the proportion, 

AscosJVP . . . 430 18' 66" . . 9,86189 

0,13811 
is to sin (co JVC) = cos JVC 44° 11' 60" . . 9,86649 
so is cos nP . . . 66^46' 62" . . 9,69677 



to isin (co n C) = cos n C 67^ 08' 24" . . 9,68937 

We have thus a confirmation of our former results. It is evi- 
dent, that if the star or other body in question, had been on the 
other side of Vf and less than 90^ from it, the arc T J^ would, 
show how much the star's longitude wanted of 360^. It would be 
necessary, therefore, to subtract this arc from ap entire circumfe- 
rence, to obtain the distance from *¥*, reckoned in the order of thfe: 
signs. So also if the star were situated more than 90° from T, we 
should consider the figure as representing the opposite portion 6f 
the heavens, having £i: instead of T in its centre. In this case the 
solution would give the distance from the first of £^^ and it would 
be necessary to add this distance to 180°, or to subtract it from 
this quantity, as the case might require, in order to obtain the pro- 
per expression for the longitude. 

It may be observed, moreover, that if EQ^ be considered as 
representing the ecliptic, and VJzs the equator, the above process 
would give the declination and right ascension, when the latitude 
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and longitude are known; The two problems may be regarded, '' ) ■' 

therefore, as leading to the same kind of solution. 

107. (1.) Required the latitude and longitude of Spica Virginis, ... ^.. , 
its right ascension being 198^ 34^ 32'', its declination 10<^ 04' 31" >.j-\' J 
S. and the obliquity of the ecliptic 23^ 28'. 

Ans. Lat. 2° 02' 23" S. ■ ' " ) ' 

Long. 6» 20° 57' 10". 

(2.) The latitude of the moon being 4° 00' 34" N., her tongi- 
tude 7M40 26' 21", and the obliquity of the ecliptic 23^ 27' 48'% 
it is required to find her right ascension and declination. 

Ans, Right ascen. 7» 13^ IP IP', 
Declination 12^ 21' 14". 

(3.) Required the right ascension in time of the planet Mercury 
on the 22d of December 1804, its geocentric latitude being 2^ 12' 
S., and its geocentric longitude 9* 14^ 36'. 

Ans. 19*» 4 J'. 

108. Given the right ascension and declination of two stars, or 
their latitude and longitude, to find their distance asunder. Let 
the two stars, for example be Sirius and Procyon. We take from 
a catalogue of the stars the given quantities ; namely. 

Right ascen, of Sirius (Jan. 1, 1820), 99° IS' 12f' dec. 16° SS' 31" S. 
« « Procyon 112° 28' 04" doc. 6O40'48"N. 



Diff. of right ascension . . IS"" 09' 52" 

We now take the meridian of one of the given stars, Procyon 
for instance, as the primitive (Jig. 58), JEQ being the equator, 9nd ^« ^ 
S, JV, its poles. We draw the oblique circle SS'JV, making the 
angle S'SP equal to 13^ 09' 52", the difference of right ascension 
of the two stars ; and we set off upon SS'JV the arc SS' equal to 
73^ 31' 29" the distance of Sirius from the south SPJV pole, and 
upon SPJV, we set off SP equal to 90° + 5° 40' 48" the distance 
of Procyon from the same pole. 

In the oblique-angled triangle SS'Pj we have SS', SP, and the 
contained angle S'SP, to find the side S'P. We proceed accord- 
ing to the formula above referred to (105). 

SP = 950 40' 48" 
SS' = 730 31' 29" 



vM 



SP + SS' = I690 12' 17" 
SP — SS' = 22^ 09' 19" 
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84° 36^ Q8''..-co6..8,97345 . . • . sia . • • 9,99807 



, 1,02655 0,00193 

\(SP — SS') = 11^04'39'^..cos..9,99I83 . . . , sin ... 9,28361 
\PS^ = 6<^ 34' 56''..cot.. 10,93783 .... cot . . 10,93783 

4 (SS^P^SPS') = 89^ 21' 59''..tan.. 11,95621 59^ 07' 30". .tan.. 10,22337 
^ (SS'P— SPS9.= 590 07' 30" 

SiS'P = 184^29' 29" 
Vi^ence 

As sin SS^P .... 

, 13 to sin SP .... 
ao }$ sin PSiS' • . . 



1480 29' 29" 

96° 40' 48" 
130 09' 62" 



9,7f8I9 

0,28181 
9,99786 
9,35746 



tosiniS'P 250 41' 53" . . . 9,63712 

The distance, therefore, of Sirius and Procyon is 25^ 41' 63". 

109. (1.) The same figure f will serve alsofor the case where 
the latitudes and longitudes of the stars are given to find their dis^ 
tance. The mean longitude, of Sirius for 1820, as put down in the 
tables, is 3* IP 38' 00", and its latitude 39° 32' 01" S. ; and the 
mean longitude of Procyon 3» 23° 19' 33"; and its latitude ISP 
67' 36" S. Their distance asunder is required. 

w2n«. 25° 4r 2^1^r 

(2.) Required the distance between Lyra and Arcturus, the 
'declination of the latter being 20° 07' 28" N. and its right ascen- 
sion 211° 61' 45" ; and the declination of the former 38° 37' 19" 
N. and its right ascension 277° 41' 33". 

Ans. 58° 52' 38". 

110. The places of two stars being given and their distanceis 
from a third star or comet, to find the place of the third object. 

Fig. 69. Suppose the distance of a comet C {fig. 59), as measured by a 
sextant, to be 65° 47' 42" from Sirius, and 51° 06' from Procyon, 
it is proposed to find the latitude and longitude of the comet. 



f It will be observed that figure 58 is adapted to the two problems 
only in the way of illustrating the process by which they are solved. 
Two figures would be necessary if any thing depended on the con- 
struction. 



Nautical Astronomy. 



n 



With the latitude and longitude of Sinus and Procyon, taken 
from the tables as before (109), we find their distance SP ts 
250 41' 2V^ in the manner just explained. 

Having the three sides of the triangle SPC, we proceed to cal- 
culate the angle CSP, thus, 

CS = 650 47' 42'' 
CP = 51^ 06' 00" 
SP = 250 41' 21" 



Sum 

Half sum 

1st remainder 

2d remainder 

CS 

SP . . 



142^ 35' 03" 
71° 17' 31" 



50 29/ 49" . . log. sin . • . 8,98133 

450 36-' 10" • . log. sin . . . 9,86401 

66^ 47' 42" . . ar. comp. log. sin 0,03996 

250 41' 21" . . ar. comp. log. sin 0,36302 



240 35' 12" 
2 



19,23832 
9,61916 



CSP = 490 10' 24" 

The next step is to find the angle n SP. This is done by means 
of the triangle SPn, in which we have nP = 15^ 57' 36" +-^0^ 
= 1050 57' 36", SP =z 250 41' 21", and SnP = difference of 
longitude of S and P = 11° 41' 33" ; whence 

AssiniSP .... 250 41' 21" . . .9,63698 







0,36302 


istosinSnP . . 


. . 110 41' 33" . . 


. . 9,30677 


so IS sin n P . . . 


. . 1050 57' 36" . , 


. . 9,98293 



to sin nSP . . . . 26^ 12' 39" . . . 9,65272 

If now we take the angle n SP from the angle CSP, we shall 
have the angle CSn=z 22° 27' 45" in the triangle SCn, by 
means of which and the two containing sides n S, C5, the aide 
n C, or co-latitude of C, and the angle C nS ov difference of lon- 
gitude of C and S, are immediately determined. Thus, if we sup- 
pose a perpendicular CP' let fall from C upon n S, we shall have, 
by the first of Napier's rules, taking co CSP^ as the middle part 
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» 

sin (CO CSP') = tang (co CS) tang SP'. 

Whence tang SP' = cos CSP' tang CS, 

and by logarithms, 

cos CSP' . . 22° 27' 46" ... 9,96573 
tang CS . . 66° 47' 42" . . . 10^34726 

tang SP' . . 64^03' 37" . - . 10,31298 
Sn =: 129° 32' 01" 
SP' = 64^ 03' 37" 



nP'=: 65° 28' 24" 

In the triangles CP'n, CP'S, by considering . co CS, and 
CO Cn, as middle parts, we shall have, by the fourth of Napier^t 
rules, the following proportion, 

As cos SP' ... 64° 03' 37" . . 9,64090 



. J ■ , 



is to sin (co CS) = cos CS 
w is cos nP' • 


66° 47' 42" . 
66° 28' 24" , 


0,36910 

. 9,61279 

. . 9,61817 



to sin (co n C) = cos n C 67° 02' 45" . . 9,69006 

and 90° — 67° 02' 46" = 22° 57' 15" = latitude of C. 
Lastly, 
As sin n C . . . 67° 02' 45" . . . 9,96417 



0,03583 
is to sin CSn . . 22° 27' 46" . . .9,68215 
so is sin CS . . . 65° 47' 42" . • . 9,96003 



to sin CnS . . 22° 14' 17" . . .9,67801 

Whence, if from the longitude of S = . . 101^ 38' OO'' 
we take the angle CnS = . . 22° 14' 17^' 

we shall have the longitude of C z= . . . 79° 23' 43^' 

.By considering l^sz as representing the equator instead of the 
ecliptic, we should obtain by the above process, the declination and 
right ascension of the object C, the places of S and P, as referred 
to the equator, being known. 
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111. The distance of a new star was found to be 65° 4V 42'^ 
from Capella, and 26° 42' 10'' from Procyon, the latitude of the 
former at the time of the observation being 22° 61' 67" N., and its 
longitude 78° 57' 67", and the latitude of the latter 15° 58' 14" S-, 
and its longitude 112° 55' 42" } the latitude and longitude of the 
new star is required. 

. Am. Latitude 39° 34' 00", 
Longitude 101° 13^ 03". 

112. Given the sun's declination 23° 28' N., semidiameter 
15' 47", refraction 33', and parallax 9", the latitude of the place 
being 51° 32' N., to find the time from noon when the sun first 
appears in the horizon. 

The effect of parallax being opposite to that of refraction, we 
subtract 9" from 33', which gives 32' 51" for the apparent eleva- 
tion of the sun above its true place when in the horizon. The up- 
per limb of the sun, therefore, at the time of its first appearance 
above the horizon is actually 32' 51" below it, and the sun's centre 
at the same moment is 32' 51" + 15' 47", or 48' 38" below the. 
horizon. Accordingly, when the sun's limb first presents itself at 
5 {Jig, 60), the sun's centre is at Oj and b © equal to 48' 38", Fig. 60. 
added to 90°, is equal to ZQ. Whence, in the triangle ZQJV, 
we have 

ZQ = 90° 48' 38" = sun's zenith distance,- 

ZJV = 38° 28' 00" = co-latitude, 

JV© = 66° 32' 00" = sun's co-declination, 

to find the hour angle ZJVq-. Thus prepared, the problem does 
not differ from others where the three sides are given to find an 
angle. 

Ans. &" 19' 20". 

Top. ,10 
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Cf Terrestrial Latitude. 

« 

113. It will be observed that in the preceding calculations the 
latitude is a very important element. We have already mentioned 
one way of determining this (page 29, note)^ which may be illus- 
trated by the following example. Suppose the greatest and least 
altitude of the pole star, as observed at Cambridge, to be, when 
corrected for refraction, as below. 

Greatest altitude 44^ OS' 66^' 

Least 400 37^6^' 



Sum 840 46M(y' 



Half sum or latitude = .... 42<^23'3(y' 

l^th eiAer of these altitudes and the co-declination of the pole 
star, taken from the tables, and reduced to the given time, we 
readily obtain the latitude f ; thus. 

Greatest altitude of the pole star . . 44^ 08' 66^' 
Co-declination (Jan. 1, 1820) . . . 1^ 46' 35" 



Latitude 42^ 22' 2(y^ 

This method is not confined to the pole star. It might obviously 
be applied to any other star in the neighbourhood .of the pole. 
Similar means may be used also with reference to stars or other 
Fig. 51. bodies in other parts of the heavens. ZE {fg. 51), being .the 
latitude of a place whose zenith is represented by the point Z", if 
we observe the greatest or meridian altitude HE, of any heavenly 
body situated in the equator, and subtract this from 90^, we shall 
have ZEi the latitude f f . Moreover, when the heavenly body, 

f Where great accuracy is required, it is necessary to apply a cor- 
rection for aberration^ nutation, and inequality/ of the procession of 
the equinoxes. Also the mean refraction should be corrected for the 
state of the barometer and thermometer. 

ft When the sun, moon, or a planet is employed as above, for ob- 
taining the latitude, beside the correction already mentioned, another 
is to be applied on account of parallax. 
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instead of being in the equator, is between the equator and the 
horizon, by adding this declination, taken from the tables, we still 
have the ahitude of the equator, and consequently the zenith dis- 
tance or latitude. In case the body in question is between the 
equator and zenith, the declination is manifestly to be subtracted 
from the altitude in order to arrive at the same result. To deduce 
the latitude from an observation of the sun, the following are the 
steps to be taken. 

Obs. alt of sun's upper limb, Oct. 11, 1820, 40^ 39^ 03'' 
Sun's semidiameter — 16'X)5'' 
Refraction — V IT' 
Parallax + 6'^ 



Correction . . . — 17' 16" 



True alt. of sun's centre .... 40^ 31' 47" 
Sun's declin. south . . . . + 7^ 14' 415" 



^iwi 



Altitude of the equator 47^ 36' 32" 

90^ 



Latitude . . . ... 42^ 23' 28" 

114. It may be impossible on account of the weather or other 
causes to take a meridian observation. In this case recourse iis had 
toother methods, aome of which have been intimated (95, 97)^ It 
is very common at sea to make use of two altitudes of the sun atid 
the btervening time. ' Let the two altitudes, for example^ be 38^ 
19' and 50^ 25', and the intervening time 1^ do's the sud's decli- 
nation being 19^ 39', and the place being in north latitude. 

Let J2, B (fg, 61), represent the two places of the sun, and we Fig. 61. 
shall have AJVB = 22° 30', and JSTA^ JVB, each equal to 70^ 21', 
the sun being supposed not to change his declination during the 
interval between the observations. Whence, by supposing a per- 
pendicular let fall from JV to the middle of AB {Geom. 484) we 
shall, have the proportion. 
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As sin • • 
iB to s\n AJ^ or BJ^ , 
80 is sin } dJ^B . 


9(3PO(y 

. 70^21' . 

no 16' 

. lOO 36' 13" 
2 

* 


. 10,00000 

9,97394 

. 9,29024 


tofuo ^AB 


9,26418 


Again, 
As sin AB • 


AB = 21° KK 26" 
21° IC 26" 

. 22O30'00" . 
70° 21' 00" 


. 9,65776 


iBtomnAJW . 
Boiamj[kAJ>r 


0,44225 

9,68284 

. 9,97394 



to sin •ABA' . 860l0'24"t. . 9,99903 

Now in the triangle ABZ we have the side AZ = the comple- 
ment of the 1st altitude = 61° 41', BZ = complement of the 2d 
altitude = 39^ 35', and AB = 21^ 10' 26", as found above. 
Whence, by the usual formula. 



^ t The formula for the case where two sides and the included angle 
are given is applicable to the above question, notwithstanding the 
equdity of the given sides. It will be seen that the factor sin } 
^h — c) { Trig, 61), becoming 0, destroys the expression for the dif^ 
ference of the opposite angles, while cob ^ (b — c) is equal to radios ; 
whence we obtain the angles B, C, as follows ; 

i{AN + BN)=i7(P^VW . . cos . . . 9,62669 



§(iliV— BJV)= Oo C C' 
iANB =11^1500" 



cos 
cot 



• • • 



0*47331 
10,00000 
10,70134 



ABN or BAN =z 86^ W 24" . . tang. . . 11,17465 
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JiZ z= 510 41' 00" 

BZ = 390 35' 00" 
AB = 210 10' 26" 



Sum 


112° 26' 26" 


• sin 

. sm . 

• ar. comp. sin 

• ar. comp. sin 

• sin 

• 




Half sum • 


66° 13' 13" 




1st remainder 

2d remamder 

BZ 

AB • • • 


16° 38' 13" . 
350 02' 47" . 
390 35' 00" . 
21° 10' 26" . 

570 41' 29" . 
2 


9,45683 
9,75909 
0,19572 
0,44225 




19,85389 




9,92695 


ABZ = 
ABJ^ = 


1150 22' 58" 
86° 10' 24" 





NBZ = 290 12' 34" 

Lastly in the triangle BZJV we have the side JSTB = sun's co- 
declination = 70° 21', BZ = sun's co-altitude = 39° 35', and 
the contained angle, to find ZJV. 

By supposing a perpendicular JV7, let fall upon BZ produced, 
the first of Napier's rules gives 

sin (co JVBZ) = tang (co JVB) tang BP ; 
whence tang BP = cos JVBZ tang JVjB, 

and by logarithms, 

cos JVJ5Z • . 290 12' 34" . . 9,94094 
tangAB . . . 70° 21' 00" . . 10,44725 



tangjBP 
BZ 

ZP\ 



67° 45' 05" 
390 35' 00" 



10,38819 



= 28° 10' 05 



// 



f By using a perpendicular let fall firom Z upon NB^ the process 
would be nearly the same ; and one of these methods may be employ- 
ed to verify the result obtained by the other. 

In questions like the above, the solution by Napier's rules is short- 
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m 

Accordingly, if we consider co JVjS,-co jN'Z, as middle partSy we 
shall have, by the fourth of Napier's rules, 

AscosBP . . . 67^45' 06'' . . 9,67821 

0,42179 

is to sin (co JV^) = cos JVB 70^ 21' OO'' . . 9,62669 
so is cos ZP . . 28^ 10' 06" . • 9,94526 

to sin (co JVZ) = cos J>fZ 38^ 28' 03" . . 9,89St4 

gOOOO'OO" 



Latitude = 61^ 31' 57" - 



er than that by the formula ( Trig. 61.) as will be seen by the follow- 
ing application of the formula to the case just solved. 

NB = 70O 21' 
BZ = 390 35' 



1090 66' 



i {NB + BZ) = 540 58' ... cos . . 9,75895...8in....9j;91819 



0,24105 0,06681 

I {NB — BZ) = 150 23' . . . cofl . . 9,98415...sin,...9,42370 
i {NBZ) = 140 36' 17" cot . 10,5840e...cot.lO,S8M8 



i{BZN+BNZ)=z BIO 10' 53" tang 10,80928 tang 10,09450 
i{BZN—BNZ)=: 5loil'27" 



BZiV = 132© 22' 20" 
AssinJBZiV . . 132^22' 20" . 0,86852 



0,13148 
istosiniVB . 70^21' 00" . 9,97394 

aoisfdniV^Z . .. 29^12' 34" . 9,68843 



tosiniVZ . 38^28' 03" . 9,79384 

This manner of solving the problem may be preferable, when the 
time is to be calculated by the same observations of the sun's alti- 
tude, for it will be seen that BNZ9 the hour angle from noon, is im- 
mediately deduced from the above operation since it is equal to i 
{BZN+ BNZ) — h {BZN—BNZ), or 29^ 69' 26"; that is, 
1»» 59^ 58". 
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115. In the foregoing calculation we have supposed the two alti- 
tudes of the sun to be taken at the same place ; but as this seldom 
happens at seai a correction should be applied to the first altitude 
for the ship's chdnge of situation. 

Let CE {fig. 43), represent the line described by the ship dur- ^- 43. 
ing the interval between the obiMrvations, and P the zenith of the 
place at the 2d observation. lA evident that ED will be the 
correction in question, which is to be added to the 1st altitude, if 
■the track of the ship make an acute angle with the bearing of the 
son, and to be subtracted when the angle of direction with respect 
to the sun is obtuse. The amount of tbis correction DJEJ, is readily 
&und by means of the angle CED and the distance CJS, as 
already explained (66). 

116. (1.) Given the following altitudes of the sun corrected for 
refraction &;c., namely, 18^ 30^ and 44^ with the intermediate 
time 3^, the sun's declination being 20^ N, and the place of obser- 
vation being in north latitude, to find the latitude. 

Ans. 640 01' N. 

(2.) When the sun's declination was 22° 4(y N. his correct 
altitude at 10>» 64' A. M. was 63° 29^, and at V" IT P. M. it was 
530 40/ • required the latitude of the place, it being supposed to 
be north. . 

Ans. bl^ 08' 24'' N. 



Of Terrestrial Longitude. 

117. We have spoken of the difference of longitude of places 
as deduced from certain data by the principles of plane trigonome- 
try (67 8tc). There are other and more correct methods furnish- 
ed us by astronomy, which remain to be mentioned. 

The apparent diurnal motion of the sun round the earth being 

completed in twenty-four hours, this portion of time is the measure 

360^ 
of 360° of long'^ude, and one hour is the measure of -oT~> ^^ ^^° 

of longitude. Now, as time is counted, or the hours, minutes, &cc., 
begin to be reckoned, in different places from the instant of the 
sun's passage over their respective meridians, the difference of time 
in any two places is the measure of their difference of longitude, 
and may be converted into degrees, minutes, ^., by considering 
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• 

one hour as equivalent to 15^, and using the same proportioa for a 
less quantity. A signal, therefore, made from the top of a moun- 
tain, or from a balloon, and observed at different places by correct 
time-keepers, would furnish the means of direcdy estimating their 
difference of longitude f • 

Celesdal phenomena, as eclijmes, occultations, fee, 'are better 
adapted to this purpose, becadVthey can be seen over a greater 
portion of the earth's surface. Some of these, as eclipses of the 
moon, and those of Jupiter's satellites, being an actual obscuration 
of the body in question, take place at the same point of ahsohU 
time, and only require to be accurately observed at two diflferent 
places, iu order to obtain their difference of longitude. But with 
respect to the former, besides their infrequency, the commencemeot 
and termination of the. phenomenon cannot be precisely noted, on 
account of the indefiniteness of the earth's shadow^ This uncer- 
tainty amounts ordinarily to about two minutes, which corresponds J 
to 30 minutes difference of longitude. Eclipses of Jupiter's sat- 
ellites happen very often, and they admit of great precision as to 
the time of their occurring ; but they cannot be observed without 
the aid of a telescope, and are therefore of little use to the marineri / 
on account of the difficulty of using this instrument on board of a 
ship. 

Eclipses of the sun and occultations of stars by the moon, can be 
observed at sea and accurately noted. But it is to be remarked| 
that they do not take place at the same point of absolute time, in 
the different parts of the earth's surface where they are observed. 

t It will be perceived, that chronometers would afford the readiest 
means of ascertaining the difference of longitude of places, if their 
rate of going could be fully depended upon. Having, for instance, 
at sea, a watch that accurately shows the time at Greenwich, we 
have only to find by observation the time for the meridian in which 
we are situated (102), (that is, how much tbe watch is too fast or too 
slow), in order to show the longitude of the place we are in, which 
will be east or west, according as the time, thus found, is later or 
earlier than at Greenwich. Chronometers are indeed much used; 
but, beside the small errors in their rate of going, to which the best 
are subject, especially in long voyages, they are liable to accidents 
which cannot be foreseen, or even known to exist, except by a re- 
course to other methods of finding the longitude. 
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Allowance, however, may be made for this difference, and when 

this is ()one, they afford the most accurate means of ascertaining ^ 

the relative longitude of places. 

For the purposes of navigation, these phenomena are liable to the 
objection of rare occurrence. To supply this defect, an ingenious 
method has been devised, by which any given distance of the moon 
from the sun, or from a star, is^ubstiruted for an actual contact, 
and made use of in the same way. In order, therefore, to apply 
this method, it is necessary to correct the apparent distance, as actu- 
ally observed at any particular place, for the effect of parallax and 
refraction, and thus to reduce it to what it would be, if it were seen 
from the centre of the earth. Beside the apparent distance and 
time, the necessary observations are the apparent altitudes of the 
two bodies is question. With these data, the true distance is found 
in the following manner. 

118. Let ZM {Jig. 62), be the apparent co-altitude or zenith Tig.&L 
distance of the moon, and Zm her true zenith distance. Mm being 
the difference between the moon's refraction and her parallax in 
altitude. In like manner, let ZS be the apparent zenith distance 
of the sun or a star, and Z s its true zenith distance, S s being the 
difference between the sun's refraction and parallax, or the refrac- 
tion simply in the case of a star, f 

There are two cases which present themselves in the solution of 
this problem ; 1, with the three sides ZS, ZM^ SMy ktown by 
observation, to find the angle Z, common to the two triangles 
SZM, s Zm ', 2, with the two corrected zenith distances ZsyZm^ 
and the contained angle Z, to find the true distance s m. The 
requisite observations being as below ; we proceed according to 
rules already illustrated. 

t Since the observed altitude of any celestial object is affected by 
refraction and parallax, which always take place in a vertical direc- 
tion, it is obvious that the observed distance between any two heav- 
enly bodies will be effected by the same causes. In the case of the 
moon, the effect of parallax always exceeding that of refraction, her true 
place is above her apparent place, the reverse of which happens with 
regard to the sun or a star, the parallax of the former never amount- 
ing to more than a few seconds, and that of the latter being altogether 
insensible. 

Top. 1 1 
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Applicatum of Trigonometry. 



(1.) Given app, alt. of sun or star S = 24^ 48' 00" 

« «< moon Jkf = 12° 30' 00" 
app. dist. S./H = 610 28' 35" 

whence, by taking the complements of the altitudes, we have 

ZS = 65° 12' 00" 
ZM = 770 30' 00" 
iSJtf = 51° 28' 35" 



Sum 


1940 10' 35// 


log. sin. 
log. sin. 
ar. comp. 
ari comp. 

log. sin 
Lve ZS . 

• • 

• • 

• • 




Half sum 

* 


970 05' 17" 

770 30' 05" 




1st difieren 
2d difierem 
ZM 
ZS 


ce . 190 35' 17" . . 
ce 31^ 63' 17" . . 

770 30' 00" . . 
65° 12' 00" . . 

26® 33' 01" , . 
2 


. . . 9,52638 

. . . 9,72279 

log. sin 0,01040 

log. sin 0,04202 




19,30059 




. . . 9,65029 


Z = b2P 06' 02" 

(2.) In the triangle ET 5 m, we ha 
• Refraction + 2' 02" 
Parallax — 0" 
Correction 

Zs 

ZM 

Parallax — 65' 14" 
Refraction + 4' 32" 
Correction . 


= 65° 12' 00" 

+ 2' 02" 

= 65^ 14' 02" 
= 770 30' 00" 

— 60' 42" 



Zm . ,=760 39' 18" 

The two sides Z s, Zm, and the contained angle Zj being 
known, by supposing a perpendicular s P, let fall from 5 upon Z m, 
the first of Napier's rules gives 

sin (co Z) = tang (co Z s) tang ZP, 
whence tang ZP = cos Z tang Zs, 
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cos Z . • 530 06' 02" . . 9,77845 
tang Z 5 . . 66^14' 02'' . . 10,33697 

tang ZP . . 620 27'42" . . 10,11442 
ZM . . 76° 39' 18" 



# 



mP = 240 1 1' 36" 

And, by the fourth of Napier's rules, co Z*, co «»i, being con- 
sidered as middle parts, we have the proportion, 

as cos ZP . . 62° 27' 42" . . 9,78483 

0^1617 
is to sin (co Zs) = cos Z5 . . 66O 14' 02" . . 6,62213 ' 
so is cos m P. . 240 11' 36" . . 9,96007 



to sin (co 5»») = cos *m . . . 61^ 09' 36" . . 9,79737f 

If now we suppose that observations, similar to those above 
used, are made under another meridian at the same absolute time, 
and reduced in the same manner, they would evidently give the 
same true distance of the moon from the sun or a star. The dif- 
ference of time, therefore, at the two places of observation, as 
ascertained by well-regulated time-keepers, or by calculations 
founded upon these same observations, would show their difference 
of longitude ; since they would have reference to one common 
simultaneous occurrence in the heavensf f , just as much to be de- 
pended upon, and as valuable, as an eclipse of the moon or of one 
of Jupiter's satellites. 

Instead of actual observations at the two given places, it will be 
seen, that if the true distance and time at one of the places were 
known by correct tables of the moon's motions, the conclusion 

t There are many ways of abridging the process for obtaining the 
true from the apparent distance of the moon from the sun or a star. 
The object of the above is merely to illustrate the essential parts of 
the operation to the theoretical student. 

ft As the moon completes a revolution of 360^ in about 30 days, 
it moves at the rate of 12^ in 24 hours, that is/ 30' or its own diam- 
eter in an hour. Its change of place, therefore, with respect to the 
son, and more especially with respect to stars near its path, will be at 
a mean about 30'^ in a minute of time, a quantity easily distinguished 
by a good sextant. 
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would be the same. Hence, by ineans of a table of the true dis- 
tancee of the moon from the sun and certain stars,f calculated at 
sufficiently short intervals, together with the corresponding limes 
for any one particular meridian, as that of Greenwich, for instance, 
the relative longitude of any othqr place is readily determined. 

119. Let us pow suppose, that the foregoing observations were 
made at a place whose longitude is not known, and that the time of 
the observations was 10** 11' 14'^ in the evening, apparent time; 
and that the distances of the moon from the same star, approach- 
ing the nearest to the above result, as put down in the Nautical 
Almanac, with the corresponding times, are 61° 49' 57'' at 3**, and 
60° 21' 17" at 6**. Taking the difference of these distances, and 
the difference between the latter and that in the example, we have 
the proportion 

lo 2& 40" : 3»» : : 11' 41" : O** 23' 43". 

Subtracting 0»» 23' 43" from 6»», we have 6»» 36' 17" for the' 
time at Greenwich, when the distance of the moon from the star 
was 61° 09' 36", or the time at Greenwich, at the moment when 
the observation was made, which, as before stated, was 10^ 11' 14". 
The difference of these times 4^ 34' 57", or, which is the same 
thing, 68° 30' 14", is therefore the difference of longitude ; and 
we say, moreover, that it is east, because tlie time at the place of 
observation is later than that at Greenwich ; had it been earlier 
than Greenwich lime, the longitude would have been west. 

(K) Given app. alt. of the sun's centre . . 84° 07' GO" 
app. ah. of the moon's centre . 5° 17' 00" 

app. dist. of sun and moon's centres 90° 21' 13" 
true alt, of sun's centre . . 84° 06' 66" 
true alt. of moon's centre . . 6° 09' 04" 

to find the true distance of the sun and moon's centres. 

Arts. 89° 29' 13" 



t The stars, made use of in the Nautical Almanac for this purpose, 
are a Arietis, Aldebaran, a Pegasij Pollux, Regulus, Spica Vtr' 
ginis, AntareSy Fomcdhaut, and a Aquilce. The distances are given 
for every three hours of apparent time at Greenwich. The time cor- 
responding to any intermediate distance can be found by a simple 
proportion, since the moon's motion may, without sensible error, be 
considered as uniform for this space of time. 
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(2.) Given app. dist. of the sun and 

moon's nearest limbs 38° 14' 63" 
app. all. of the moon's lower limb 29° l.V 59'' 

app. alt. of the sun's lower limb • 35° 27' 14" 
moon's correct semidlameter . . 16' 01" 
sun's " " . . . . 15' 46" 

moon's parallax in alt. ... 60' 13" 

" refraction 1' 40" 

sun's parallax ..... 07" 

" refraction 1' 19" 

It is required to make the reductions and find the true distance of 
ihe sun and moon's centres. Ans. 38° 28' 22". 

Liet it be supposed that the time of the above observations was 
O^ 23' 32", or 23' 32" past noon, and that the nearest distances 
put down in the Nautical Almanac for the same day, with the cor- 
responding limes, af^;37° 50' 28" at 3>», and 39° 34' 24" at 6*». 
The longitude of the pace of observation is required. 

Am. 3»> 42' 06" or 55° 30' 01" west 

(3.) Given app. alt. of moon's centre . . 24° 29' 44" 

true alt. « « . . . 25° 17' 45" 

app. alt. of star's centre . . 45° 09' 12" 

true alt. « " . . . 45° 08' 16" 

app. dist. of moon and star . 63° 35' 13" 

time at place of observation . . 10^ 15' 00" 

times at Greenwich with the nearest corresponding distances as 

follows, namely, 

at 9*» ... dist. . . 62° 49' 15" 

at 12^ . . . . dist. . . 64° 19' 56" 

required the longitude of the place. 

Ans. 11° 09' 30" E. 

* 

Mtscellaneous Questions to be solved by the Rules of Spherical 

Trigonometry, 

120. (1.) Given the place of a comet at its first appearance, 
namely, declination 29° 33' 12" N., right ascension i45° 40' 33", 
and also at its last appearance, namely, declination 16° 29' 08" N., 
right ascension 314° 42' 43" j to find the length of the path des- 
cribed by it while visible, it being supposed to move in the arc of 
a great circle. Jins. 132° 44' 22". 
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(2.) In north latitude at 11** 10' and at 12** 4(y per watch, the 
altitude of the sun's lower limb was the same, which being correct- 
ed was 26^ 55', and his declination was 5° 17' S. ; required the 
latitude of the place. 

Jlns. 570 09' N. 

(3.) In north latitude when the sun's declination was 13^ 45' N., 
his altitude at &" 39' 33" A. M. was 36^ 53'. Required the lati- 
Fig. 61. tude of the place {jig. 61). 

Ans. 46° 42'. 

(4.) Given the right ascension of Sirius or the dog star 99^ 18' 
12", and declination 16^ 28' 21" S., to find the point of the eclip- 
tic which rises at the same time with the star, in latitude 42^ 23' 
28" N., and thence the time of the year when the star rises cob- 
micallyj or with the sunf • 

(5.) The diminution of the obliquity o^ tlbe ecliptic since the 
time of Eratosthenes having amounted to 2^' 28", it is proposed to 
find how much the longest day is diminished and the shortest in- 
creased on this account in latitude 42^ 23' 28". 

Ans. 3' 44". 

(6.) It is required to find how much the afternoon is increased 
or diminished at the equinoxes, 21st of March and 23d of Septem- 
ber, iu latitude 42° 23' 28", on account of the sun's change of 
declination, the amount of this change in 24^ according to the 
Nautical Almanac being 23' 24"* 

Am. 39'^ 

(7.) Given the latitude of the Lizard 49° 57' N., and its longi- 
tude from Greenwich 5° 15' W., and the latitude of the island 
St. Mary 36° 57' N. and its longitude 25° 09' W. ; to find the 
distance and bearing of the former place from the latter, on the 
supposition that the earth is a perfect sphere. 

Ans. Distance 19° 19' 21" = 1159,3 nautical miles, 

bearing S. 41° 26' 45" Wff. 

t An artificial globe will be found of great use in forming the tri- 
angles employed in the solution of the above questions. 

ft The results of this method will be found to differ somewhat 
from those obtained by the application of plane trigonometry to Mer- 
cator's chart (77), on account of the arc of a great circle differing in 
its length and position from the loxodromic curve {note to page 41.) 
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CHAPTER IV. 

Of Surveying and Levelling. 

121. Surveying consists in several distinct operations; 1, in 
measuring certain lines and angles in the field to be surveyed ; 
2, in representing these lines and angles upon paper ; 3, in com- 
puting the areas or contents of the fields or territories thus repre- 
sented. 

The necessary lines and angles are determined in this case like 
other lines and angles, by means of proper instruments, to which 
we have had occasion already to referf . The measures taken in 
a field are protracted or transferred to paper ; by the usual prob- 
lems for the construction of figures {Geom. 132, &c). In common 
surveying the portions of the earth subjected to measurement, being 
very small, compared with the whole surface, are considered as 
plane figures. Where the survey extends to large tracts of coun- 
try, comprehending several degrees of latitude and longitude, allow- 
ance is to be made for the curvature of the earth's surface ; and 
the representation should be given according to the laws of projec- 
tion (24 he). The plan in this case becomes a map. 

Of the Contents of Fields bounded by straight Lines. 

122. Let the field, whose content is required, be of the form of 
a parallelogram, the sides and anglesf f being known. In this case 
the area is equal to the product of the length by the breadth, or 
base by the ahitude [Geom. 174). 

If the parallelogram be rectangular, as ABCD {fig. 63), the Fig. 63. 

t Beside the instruments employed in the determination of heights 
and distances, and in navigation, there are others adapted particularly 
to surveying, the description and use of which will be found in the 
notes. 

ft One of the angles being known, the whole are known, because 
the opposite angles are equal {Geom, 84), and the adjacent ones are 
supplements of each other {Geom, 64). The sines of all the angles 
therefore are equal to each other. 
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product of the length by the breadth is the product of any two 
contiguous sides. 
' Fig. 64. If the parallelogram be oblique-angled, as ABCD {fg. 64), the 
breadth or perpendicular distance of either two opposite sides, as 
CPy is equal to the product of the corresponding oblique side CB 
by the sine of the angle of the parallelogram, radius being unity 
{Trig. 30). Hence, the area of a parallelogram is equal to the 
product of any two contiguous sides multiplied by the sine of the 
contained angU^ radius being unity. 

Given AB = 59 chains 80 links, or 69,80 ch., AC = 37,06 ch., 
and A = 90^, we have 59,8 X 37,05 X 1 = 2215,59 square 
chains = 22155900 square links. Now, since 10 square chains, 
100000 square links, make an acre, if we divide the area in chains 
by 10, or the area in links by lOOOOO, and rauhiply the remaibder 
successively by 4 and by 40, dividing each time by, the same Dum- 
. her, we shall have the content in the usual denominations employ- 
ed in surveying ; thus, 

221,559 
4 



2,23G 
40 



9,44 

Area = 221^°'^^' ^roodf Q ^^^perehes. 

Given AB = 59,80 ch. ^C — 37,05 ch., the angle A = 72® 

10', to find the area. 
We have AB + ^C = 2215,59, as before, which, multiplied 

by 0,95195, the natural sine of 72° 10^ radius being 1, gives 

2109,13 =: 210»- 3'- 26P- 

Or performing the whole by logarithms, 
AB . . . 59,80 .... log. . . . 1,77670 
AC . . . 37,05 .... log. . . . 1,56879 
A ... 72°, 10' . . . . log. sin . . 9,97861 

210,91 3,32410 

4 



3,64 
40 

25,60 



Area = 210^ 3'- 25,6i»- 
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138. (1.) Given the length r=: 52,25 ch., and the breadth 
=■38^4 ch«, of a rectangular field, to find the area in acresi 
roods, and perches. 

Am. 199*-3'-8,6P- 
(2.) Given one side of a parallelogram = 15,36 ch., and its 
ccMitiguous side = tl,46 ch., the included angle being 47^ 3(K, to 
find the area. 

uim. 12»- 3'- 36P- 

134. Since every parallelogram is divided by its diagonal into 
two similar aind equal triangles {Geam. 87), any triangle whatever 
may be considered as half of a parallelogram. We hence derive 
the following general rule for those cases where two sides and the 
included, angle are known. The area of a triangle is equal id half 
tie product of any two of its sides mtdtiplied by the sine of the 
induded angle, radius being unity. 

If'tbe included angle be a right angle, the sine being equal to 
radius, or 1, the rule 'will give for the area half the product of the 
two sides, or, which is the same thing, the product of one side by 
half the other. 

Moreover, since any triangle whatever is equal to a right-angled 
triangle of the same base and altitude {Geom. 170), we can make 
use of the following simple rule^ where the known parts admit of it, ^ , > 
as equivalent to the foregoing ; namely, the area of a triangle is 
equal to the product of the base by half its altitude. 

Given JlB (fg. 65) = 12,38 ch., AC = 6,78 ch., and the Fig. 65. 
angle A = 46° 24' to find the area. 

12,38 . . log. . . 1,09272 

6,78 . . . log. . . . 0,83123 

40^24' . . log. sin . 9,85984 

6,0,8986 1,78389 

4 



35944 
40 



14,37760 . Area = 6*- 0'- 14^' 

125. (I.) Given one side of a triangular field =: 18,37 ch., and 
the perpendicular distance from this side to the opposite angle = 
13,44 ch., to find the area. 

Ans. I2*- 1'- 15«^ 
Top. 12 
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(3.) la a triangular field one side being found bj measurement 
to be 64 perches, i^id another siide 40,5 perches, and the included 
angle 30^ ; required the area. 

Ant. 4*- C- 8P- 

(8.) Required the area of a triangular piece of ground, one aide 
of which measures 19,74 ch., its bearing being N. 82^ SCV W., 
and another side 17,34 cb., the bearing of this latter from the same 
stadoo being S. 24^ 15' E. 

Amu. 14*-2'-8»- 

126. When the given parts are a side and the adjacent angled 
or two sides and an angle opposite to one of them, the side or aoglo 
required in order to apply one of the above rules, may be found 
by trigonometry [Trig. 34.) 

127. It may sometimes happen, either from the want of instru- 
ments or the inconvenience of using them in particular situations^ 
that the angles of a triangle are neither of them known. In this 
case, the three sides being given, we can calculate one of the an- 
gles by the rules of trigonometry, or which is preferable, apply the 
formula 

where a, &, c, are the three sides, % their half sum, and A the area. 
Fif* 66. Given AB {fig. 66) = 49 ch., w4C = 60,25 ch., BC = 25,69 
eh., to find the area. 

49,00 
50,25 
25,69 



Sum . . 124,94 



Half sum . 62,47 1,79567 

1st remainder 13,47 1,12937 

2d remainder 12,22 ..... 1,08707 

3d remainder 36,78 1,56561 



5,57772 



615,75 2,78886 

And 615,75 square chains is equal to 61^ 2*^* 8?- 
The above formula is one of the most useful in practical geom- 
etry, since it enables us to efi!ect the survey of any right-lined field 
by means of the chain only. 



t 
^ 
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128. (1.) Given tbe^.three sides a, b, c, of a triangular field; 
nametyi a = 10,64 cfa., b = 12,28 ; and c = 9, to find the area. 

Ans. 4^ 2'- 26»- 

(2.) Given the four sides of a quadrilateral field, namely, AB 
= 17,22 ch., AC = 7,46 ch., CD = 14,10 ch., and BD = 
5,25 ch.y together with the diagonal AD = 15,04 ch., to find the 
area. 

Ans. 8*- 3^ 37,8P- 

129. Any field bounded by straight lines may be divided in^o 
trian^es, and the areas of these triangles being computed accord- 
ing to one of the foregoing rules, their sum will be the area of the 
whole field. Let ABCDE (fg. 67) be a piece of ground, the Fig. 67. 
sides and angles of which have been measured. By the diagonals 
JSB, EC J it is decomposed into the triangles ABE, BCE, CDE, 
which may be computed by one or the other of the rules already 
given f . 

130. If the given field is bounded in part by a circular curve, as 
JlBC {fg. 68), this may be separated from the rest of the figure Fig. 68.; 
by the radii AOy CO^ or by the chord AC. 



f The diagonals JEJJB, BC, m&y be calculated by the ruiep of trigo- 
nometry, and then all the sides of the several triangles being known, 
their areas are found by article (127). A much shorter method is to 
take in the compasses the extent of these lines and that of the per- 
pendiculars AFj BG, DH, and apply them to the scale used in pro- 
tracting the survey, which will give the base and altitude of each of 
the triangles ; then EB X i AF + EC X i {BG + DH) will be 
the area. It will be perceived, moreover, that instead of measuring 
the sides and angles of the field, these diagonals and perpendiculars 
will be sufficient for forming a plan of the field and determining its 
area. 

It may be remarked further, that any four-sided field, as EBCD^ 
can .be surveyed by measuring either diagonal ECy and the perpen- 
diculars let fall from the opposite angles ; and the area of the field 
will be equal to the product of the diagonal by half the sum of the 
perpendiculars. 

If any two sides of a field, or of the portions into which a field is 
decomposed, be parallel, as AB, EC, the figure ABCE becomes a 
trapezoid, and its area is found by multiplying half the sum of the 
parallel sides AB^ EC, by the perpendicular distance BG {Geom. 
178). 
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Let AO or CO, for example, be 22,50 ch. and the arc ABC^ 

or which is the same thing, the angle AOC equal 23°. Since the 
sectors of circles are as the number of degrees contained in the 
arc of the sector, as 360^ is to t|;ie area of the whole circle, or 
(22,50)^ X 3,1416, so is230 to the area of the sector equal to 



360 '"• ^ 
360 


log- 

. 2 log. 

log. 
. log. 


2,55630 


22,50 
3,1416 
23 . . . 

Area of i4i?C0 = 1,016 

4 


7,44370 

2,70436 

. 0,49714 

1,36173 

2,00693 


0,64 
40 





26,60 

Am. lO*- 0'- 26,6P- 

131. A segment of a circle being the difference between the 
corresponding sector and the triangle contained by the two radii 
and the chord of the given arc, having found the area of the sector 
ABCOj we obtain that of the segment ABCD by subtracting from 
the former the area of the triangle AOC, 

132. Grounds are sometimes laid out in the form of an ellipse, 
the area of which is found by multiplying the product of the two 
axes, or greatest and least diameters by the decimal 0,7854f . 

f Since the ordinates to the transverse axis of an ellipse are to the 
corresponding ordinates of the circle in a constant ratio, that is, as 
the semiconjugate to the semitransverse {Trig. 114), the sum of the 
ordinates in the ellipse (or the area of the ellipse) is to the sum of the 
corresponding ordinates in the circumscribed circle (or the area of 
the circle) as the conjugate axis is to the transverse. 

Again, since the ordinates to the conjugate axis of an ellipse are to 
the corresponding ordinates of the circle as the transverse axis to the 
conjugate, the area of the ellipse is to that of the inscribed circle as 
the transverse axis is to the conjugate. The above proportions may 
be stated thus. 



/ 
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This figure being a mean propoitioDal between its circumscribed 
and inscribed circles, that is, equal to a circle whose diameter is a 
mean proportional between the axes of the ellipse, we, may consider 
the product of the two axes of any ellipse is the square of the diam- 
eter of a circle of the same area. But the diameter of a circle 
being squspred and multiplied by 0,7854 be., (the area of a circle 
whose diameter is one f ), the product will be the area. Hence 
the area of an dlipse is found by multiplying the product of the 
two aaes or greatest and least diameters by 0,7854 Skc. 

133* Sometimes the boundary of a field is irregularly curved, 
or is made up of straight lines of small extent, as ABCD Sec* 
(^. 69). In this case it is usual, especially where great accu- Fig. 69. 
racy is not required, to assume a line, as A'M\ from which ' the 
perpendicular distances or offsets A'Jl^ B'B^ OCj be., are meas- 
ured ; and in computing the contents the mean of all these distances 
18 taken as equivalent to the average breadth of the part compre- 
hended between ABCD &c. and A'M\ and the area is estimated 
accordingly. 

134. The area of a field may be computed by means of the 
difference of latitude and departure corresponding to the direction 
and length of the several sides. Thus in the field ABCD (fg. 70} Fig. 70. 
beginning at the westernmost point A^ with the bearing of AB and 
its distance, we find the difference of latitude A b and departure 
& i?, as in navigation f f . We proceed in like manner with each of 

ellipse : circumscribed circle : : conjugate : transverse, 
ellipse : inscribed circle : : transverse : conjugate. 

If we take the products of the corresponding terms, the two last 
terms of this new proportion become the same ; whence the two first 
terms are equal, that is, the square of the e^pse is equal to the pro- 
duct of the circumscribed and inscribed circles, or in other words, the 
ellipse is a mean proportional between the two circles. 

t The diameter of a circle being 1, its circumference is 3,14159, 
&c. (Geom, 294). But the area is found by multiplying the circum- 
ference by half of the radius or one fourth of the diameter, {Geom. 
389). Whence J of 3,14159 &c., or 0,7854 &c., is the area of a 
circle whose diameter is 1. 

ft Instead of calculating each of the latitudes and departures by 
the rules of trigonometry, it is usual to take them from a table of lati- 
tudes and departure prepared for problems of this kind. 
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the other sides, and thus -obtain successively bcy m C, n D or cd, 
Cn^ Ady and Dd. 

The area of the space AB b is found by mukipljring half the de- 
parture bB hj the difference of latitude A b. So also the area of 
bBCc is found by multiplying half the sum of the departures b B^ 
e Cj by the difference of latitude b c, and the area of AdDf is 
equal to the product of half d D by A d. 

But if these several areas be subtracted from the trapezoid e C 
J) dj or from ^ (c C + d D) X edyWe shall have for the remain- 
der the area of ABCD. 

. It will be seen that all the areas to be subtracted belong to those 
sides of the field, AB^ BCj DAy whose bearing is northerly and 
whose differences of latitude are all in the same direction ; and that 
the trapezoid e CD d belongs to the side of the field CDy whose 
bearbg or difference of latitude is southerly. Moreover, the de^ 
partures, Oyb By c C, dDy 0, are obtained by adding succeravely 
the departure, corresponding to each side of the field to the pre- 
ceding, beginning and ending with 0, and regarding the east depisr- 
tures as plus, and the west departures as minus. 

The above reasoning is applicable to any rectilinear figure, what- 
ever the number and position of the sides, as will be evident from 
a slight inspection of figure 71. 

When the bearing of one of the sides, as DEy is due east or 
west, the corresponding difference of latitude beinjg 0, the area of 
i (dD -{• dE) X0i3 nothing. Also when one of the sides is 
due north or south, as FGy the corresponding departure being 0, 
i {fF + g- G) is equal to/F or g G. 

Sometimes in the case of a reentering angle like AIHy a portion 
of the figure Al r is reckoned twice. But this is corrected by the 
subtractive space h JjUo^: which includes not only the exterior por- 
tion A HIAy but also the whole additive triangle Ali belonging to 
the last side of the figure lA. 

When the above method is adopted, it will be found convenient 
to arrange the several results as in the following table, adapted to 
figure 70. 
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- Betrings. 

^B N. 230E. 

BC N.83«E. 

CD S. 140 E. 

DA N.77»W. 



Dut 

17 
11 
23 

23,66 



IT" 

15,65 
1,34 

5,33 



S. 



22,32 



£. 

6,6 

10,92 

5,56 



W. 



23,05 



"DepT 

6,64 
17,56 
23,12 



Sumf 

6,64 
24,20 
40,68 
23,12 



areu. 
103,92 
32,43 

123,23| 



Sooth, 
areu. 

907,96 



I 22,32122,321 23,121 23,05 



1 1259,581907,98 



Half 



648,40 



^ . Area = 32»- !'• 27,2?- 

It may be remarked that^when the several operations are per- 
formed with perfect accuracy, Ihe sum of the northii^s will be 
equal to that of the southings, and the sum of the eastings to that 
of the westings. This necessarily follows from the circumstance o^ 
tbe surveyor's returning to the place from which he set out ; and it 
aflbrds a means of judging of the correctness of the work. But it 
is not to be expected that the measurements and calculations in 
ordinary surveying will strictly bear this test. If there is only a 
small difference, as in the above example, between the northings 
and southings, or between the eastings and westings, it may be im- 
puted to slight imperfections in the measurements. If the difier- 
ence is considerable, the work should be reviewed, and if no error 
, can be discovered the difference above mentioned ought to be ap- 
portioned among the differences of latitude and departure in such a 
manner as to produce the least possible change in the given num- 
bers. This is done by the following proportions. As the sum of 
the boundary lines AB^ BC^ &c., is to the error in latitude, so is 
the length of any particular boundary to the correction of its cor- 
responding difference of latitude ; and as the sum of the same 
boundary lines is to the error in the departure, so is any particular 
boundary to the correction of the corresponding departure. The 
correction in each case is additive or subtractive, according as it 
belongs to the column whose sum is the least^ or to that whose 
sum is the greatest f f ; thus, in the above example, 



t Instead of multiplying half the sam of the departures at each 
step by the difference of latitude, it is more convenient in practice to 
employ the entire sum of the departures, and then to take half the 
final result, as in the above example. 

ft The learner may find a demonstration of the above rule by Bow- 
ditch, and also by professor Adrian, in the Analyst, No. 4, edited by 
the latter gentleman. 
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AB + BC + fi[c. = 74,66 : 0,07 : : 17 : 0,02 

:11 :0,01 
: 23 : 0,02 
; 23,66 : 0,02 

The three first of the above corrections belongiag to the column 
whose sum is the greatest, they are to be subtracted bom their 
respective departures. The fourth correction, for the opposite 
reason, is additive. They ^re aji/flied below according to their 
signs. * ^^ 

E. W. Correction^ Cor. E. Cor. W. 

6^4 —©,02 6,62 ^ 

10^2 —0,01 10,91 

6,66 —0,02 5,64 

23,06 + 0,02 23,07 

Sum 23,07 23,07 
The departures, thus corrected, become equal, and the correct^ 
ed area is 32*- !'• 18,1?- 

The above will serve as an illustration of the rule. In moet 
cases both the latitudes and departures require correction. 

One advantage of the foregoing method of computing the oon- 
tents of a field is, that it may be directly applied to the ori^nal 
minutes taken of the survey, without any plan being drawn, and 
without relying in any degree upon the accuracy of a constmctad 

figure. 

135. (1.) Given the following bearings and distances of the sev- 
eral sides of a field, namely. 






1. 


N. 680 E. 




19 cb. 


2. 


E. 6° S. 




20 


3. 


S. 17° W. 




20 


4. 


W. 




20 


6. 


N. 42° 35' W. 




15,10 


to find the area. 






Am. 


(2.) Given the 


foUowing bearings and distances, ni 


1. 


N. 45° E. 


40 cb. 


2. 


S. 30^ W. 


25 


■* 


3. 


S. 5° E. 


36 




4. 


W. 


29,60 


5. 


N. 20° E. 


31 





to find the corrected differences of latitude and departure. 
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Ans, 



1. 

2. 
3. 
4. 
5. 


N. 
28,30 

0,02 
29,15 


S. 

21,63 
35,84 


£. 

28,30 

3,16 

10,62 


W. 

12,49 
29,59 


57,47 


57,47 


42,08 


42,08 



Division of Land, 



136. There is often occasion after surveying a piece of ground 
to divide it into portions or lots, of certain given dimensions or 
bearing a certain proportion to the whole. 

We have already given general methods adapted to questions of 
this kind (Geom. 255 8z;c. Trig. 80 Sec). But there are particu- 
lar problems occurring in surveying that admit of very simple solu- 
tions. 

137. Suppose, for example, that the given field is of a triangular 
form, and that it is proposed to divide it into two parts that shall be 
to each other as m to n. 

(1.) If the dividing line is to proceed from one of the angles, as 
A {Jig. 72), we divide the opposite side CB into two parts, hav- Fig. 72. 
ing the ratio to each other of m to n {Geom. 236), and draw the 
line A e from the vertex of the angle A to the point of division c. 
Then since the triangles AC e^AeB have the same altitude, they 
roust be to each other as their bases, that is, as m to n. 

Whatever the number and ratio of the parts into which CB is 
divided, the partial triangles, found as above, will be to each other 
as these parts. 

(2.) If the dividing line is required to be parallel to one of the 
sides of the field as AB {fig* 73), the portion cut off being similar Tig. 73. 
to the whole, we shall have {^Geom. 218), 



-3 



CAB: Cee' II CA\ C e, 



or 



whence 



-2 



m + n : m : : CA : C e; 



— ^2 

Ce=: 



Top. 



2 

CAm 
m + n 



13 
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and 

Ce= I^A-^-Ca]- 



therefore C e is a mean proportional between CA and CA 



m -\' n 

If the side CA, be 15 ch., and the portion Cee^ to be cut off, 
be one half of the triangle CAB, we shall have 

CA I ^ =z 15 Vi = 15 X 0,707 = 10,605 ch. 

Fig. 74. If it were proposed to divide the triangle ABC {Jig. 74) into 
three equal parts, by lines parallel to AB, it is evident from what 
is above shown that we should have 

Cd= CA Vi, and Cd' = C^ Vl- 

(3.) The conditions of the problem may require that the divid- 
Fig. 75. ing line or lines should proceed from a given point D (fg, 75) in 
one of the sides. 

If it were proposed, for instance, to divide the triangle into three 
equal parts. Having divided the side AC according to this spme 
proportion, through the points of division JP, F^, we draw e F, 
ef JP, parallel to BD ; then joining e D, e! D, we shall have AeD, 
eDef, e^DC, equal to each other, or in the ratio of the lines AF, 
FF, FC. This will be rendered evident by supposing lines 
drawn from B to F and jP, making three triangles of the s&me 
altitude and consequently having the same ratio to each other as 
their bases. But since eF, e! F*, are each parallel to BD, AeD 
is equal to ABF, and C e' D to CBF\ 

Knowing therefore AB and AD as well as AC, we have only to 
find a fourth proportional A e, to the three given lines AD, AB, 

AC ^ ' 

-s- or AF {Geom. 237). The point e^ is found in the same man- 
ner. 

The above method is evidently applicable to a division of the 

» 

given triangle into a greater number of parts, and such as bear a 
different relation to each other. 
Fig. 76. (4.) The problem may require that the dividing line EF (fig. 76) 
should be perpendicular to one of the sides of the given triangle. 
In this case, the ratio of the parts being expressed by m : n, let 
AE = x,EF = y, AD = a, AB = b, CD = h; we have, 

bh 

! J1 1: t' nr - 



ABC or y* : AEFot ^::m + n:m. 
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whence 

2 m -{- n 

But^ since by similar triangles, 

, xk 

a:A::a?:y, y== — . 

Substituting for y this value, we obtain 

hx^ ibhrn „ b,am 

z= ?— i — or x^ = — i — . 

2a jw + n ffi + n 

We find therefore that x or ^E is a mean proportional between 

J and -SL^ . If m = n, the triangle AFE being one half of ^CJS, 
«» -|- » 

we should have 

aft 

X^ = -pr^ 

that is, AE is a mean proportional between the base AB and half 
of the segment AD. AE may chance to be greater than ADy in 
which case we should designate e jB by a?, and DB by a. 

138. The division to be performed may relate to a field of four 
or more sides. In the case of a parallelogram, if the dividing line, 

as EF {Jig. 77), be required to be parallel to one of the sides ABy Fig- 77. 
the distance at which this line is to be drawn, may be found by 
dividing the area of the portion to be separated by AB. If the 
parallelogram be oblique-angled (^fg. 78), and the conditions of the Fig. 78. 
problem require that the dividing line EF should be perpendicular 
to one of the sides, and meet at the same time the opposite f , since 
the figure to be cut off will be a trapezoid, dividing it by EF, sup- 
posed to be known, we have for the quotient the distance of EF 
from I the middle of AD {Geom. 179). 

139. With respect to other quadrilaterals and figures of more 

than four sides, if we suppose two sides AC, BD {fg. 79), pro- Fig. 79. 
duced till they meet, they will form with the intercepted side CD, 
a triangle, which, as all the parts of given figures are supposed to 
be known, will be known also. This being added to the part that 
is to be cut off, the problem reduces itself to one or the other of 
the cases already considered. 

t If the dividing line do not meet both the sides of the parallelo- 
gram, the portion to be cut off is a triangle, and the case refers itself 
to art. 137,4. 
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Levelling. 

140. Two or more points are said to be on a level when tbey are 
equally distant from the centre of the earth f , or from the surface of 
a tranquil fluid, supposed to be situated immediately above or below 
them. A level surface, therefore, is one that is every where per- 
pendicular to a plumb-line, or the radius of the earth considered as 
a sphere. This is called a true level, while a straight line or plane 
that is perpendicular to the radius of the sphere or plumb-line only 

Fig. 80. at one point, is denominated an apparent level. Thus AB (Jig. 80) 
represents an apparent level, AD a true level, and BD the devia- 
tion of the one from the other, or the difference of level of the 
points A, B, referred to a tangent at A. 

141. Knowing the tangent AB, we readily find BD by the pro- 
portion 

BH lABriABiBD {Geom. 228), 

which gives 

j.j^_AB _ AB 
^^ ~ WR "" 2 CZ> 4- BD' 

But as BD is always small in comparison with 2 CD, the diameter 
of the earth, it may be neglected in the second member of the 
above equation f f ; and, in most cases, for the same reason, AD 
may be considered as equal to AB ; whence 

^y._ AD 

In like manner, for another distance jHy we shaU have 

R/7V _ AD' , 



t The small errors committed by supposing the earth a sphere in- 
stead of a spheroid, are safely neglected in the common operations of 
levelling. 

ft If it were necessary we might find the difference of level without 
neglecting BD. Thus from the above equation we obtain 

BD + 2CDX BD = AB, 

or, calling BD x, CD a, and AB 6, 

'^ x^i + 2 a z = 62, and X = — a -J- ^h^ + a^ {Alg. 109.) 
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and 

— ^ — z 

BD : B'ly : :^^^ : ^-^ 

g . n 

that is, ^Ae difference of level for different distances, is as the square 
of the distance. 

The distance AD being supposed, for example, = 1 statute 
mile, or 5280 feet, and 2 CD, the diameter of the earth = 7912 
miles, or 7912 X 5280 feet, we have 

_ (5280)^ 
^^ "~ 7912 X 5280' 
and by logarithms, 

6280 ... 2 log . 7,44521 

7912 ..• log 3,89829 

5280 . . . log 3,72263 

7,62092 



Mta 



0,6673 . — 1 ,82434 

12 



■•• 



BD = 8,0076 inches. 

Thus the difference between the apparent and true level, answering 
to a distance of one mile, is 8 inches. 

142, For any other distance, as 2| miles for instance, instead of 
repeating the above process, we can use the proportion 

18 : (2,5)2 = 6|. : : 8 in : 52 in f. 

143, The difference of level of two stations is sometimes com- 
puted by means of the zenith distance of each station as observed 
from the other. Let Aj B {fg, 81), be two stations at which the Fig. 81. 
zenith distances are observed ; namely, ZAB, VBA, formed by 

f ThQ difference of level for one mile being in feet wqTo koqa 

or , that is, f very nearly, and the difference of level for any other 

distance being as the square of the distance, we have the following 
convenient rule for finding the difference of level, namely, take two 
thirds of the square of the distance in miles for the difference of level 
in feet nearly. Thus in the above example, | (2,5)2 or | 6J^ = 4 J 
feet or 52 inches. 
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the vertical lines CZ, CV^ and the straight line AB. If through 
the point A we draw the chord AB\ parallel to the terrestrial chord 
a b, the points A, B'y will be on a level, and BB' will be the height 
of the point B above the point B'. ' The arc AB\ being supposed 
to be known, may on account of its smallness be taken for its 
chord ; then, by the common theorem for plane triangles, we have 

sin BAB' : sin ABB' : : BB' : AB', 
Whence 

»»/ ^ ^^' X ^*° ^^^ ' 
^^ - sin ABB* • 

But BAB' = 180O — ZAB — B'AC 

= 180O — Z-4jB — (90° — ^C) 
= 90^ — ZAB +\C; 

and ABB' = 180° — VBA. 

Now from the triangle ABC we have 

180O =: C + (180O — ZAB) + (180O _ VBA), 
or 90^ = I C + 90O _ I ZAB + 90^ — ^ VBA ; 
whence 

90° = I {ZAB + VBA) — i C. 
Substituting this value for 90° in the above expressions for 
BAB', ABB'y we obtain 

BAB' = ^{ZAB + VBA) — iC — ZAB + ^ C 

= i {VBA — ZAB) 
ABB' z= 90° + I {ZAB + VBA) — ^ C— VBA 
= 90O + i {ZAB— VBA — C). 

Putting these values for BAB', ABB', in the expression for 
BB'j and designating the chord of the arc AB' by K, we have 

R7?/ — -^si n i { VBA — ZAB)_ 

^^ — sin (90O + ilZAB— VBA — C)) 

_ JtC sin j ( VBA — ZAB) 
"" cos i[VBA — ZAB + cy 

144. This formula is exact. But in many cases ^ C may be 
neglected ; then, since — = tang, the expression becomes 

BB' = iTtang l {VBA — ZAB). 

When VBA exceeds ZAB, BB' is positive, otherwise BB' is 
negative, ZAB being the observed zenith distance at the place 
whose elevation A a above an assume^d level, as that pf the sea, is 
known, and VBA being the observed zenith distance at the place 
whose elevation is sought. * 
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145. When only one of the zenith distanoes can be taken, since 
VBA = BAC + C = 180° — ZAB + C, if we substitute 
this value for T^BA in the formula 

BB^ = iTtang \ {VBA — ZAB), 
we shall have 

BB' = -BTtang i (ISQO — ZAB + C — ZAB), 
= K tang (90O — ZAB + ^ C) 
= Kcol{ZAB—\ C); 
and . BB' is positive or negative according as ZAB is less or 
greater than 90^. 

146. The above formulas suppose the distance K to be given. 
The difference of level may, however, be determined without 
knowing tliis line. Indeed the formula 

BB' = JSTtang \ [VBA — ZAB) 
may be made to involve only the zenith distances and radius of the 
earth. For, since half the chord of any arc is equal to the product 
of radius by the sine of half this arc* (Tri^. 30), we shall have 
BB' = 2R sin | C tang \ {VBA — ZAB) 

.= — 2 B cos I {ZAB + VBA) tang \ {VBA — ZAB)\. 
The sign of BB^y depends upon that of the factors of the second 
member of the equation. 

147. When there is a series of signals, by proceeding in the 
manner above explained, we determine only their relative heights. 
But it is easy to find the absolute heights, or elevations above the 
same horizon, as that of the sea for example. Let us suppose that 
the points B, B\ B'\ . . . « JB*, the summits of the signals, are 
unequally elevated above a common horizon, and that h^ represents 
the elevation of the point B' above J5, h^' that of B^' above B\ d/'\ 
the depression of the point B'^' below jB'% and so on. By taking 
ff equal to the sura of the elevations A' + ^^' + ^m and D equal 
to the sum of the depressions, we shall have 

U — D =: difference of level ; 
and J5" will be above or below B, according as H is greater or less 
than JD. 

If JV denote the* height of the point B above the level of the sea, 
JSr -{- H — D will be the height of any other point B* above this 

same level ; and it is obvious that we have only to subtract the 

> _^__ 

t From the expression 90° = J {ZAB + VBA) — J C (143) we 
have iC=i {ZAB + VBA) — 90^, 
and sin ^ C = — cos J {ZAB + VBA). 
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length of the signal from the absolute height of its summit, ia order 
to obtain the absolute height of the ground on which it is placed. 

14S. In the above formula it is supposed that the points A, By 
are the summits of the signals employed ; but the instrument used 
for taking the angles can seldom be placed precisely at these points. 
Fig. 82. In observing B {Jig. 82) for instance, the instrument for the most 
part is at some point a below A. At the other station also, the 
place of observation, instead of being at ^^ is usually at some lower 
point 6. The zenith distances actually observed therefore will be 
ZaB,Vb A, instead of ZAB, VBA. 

In this case, since 

Z a JS + a 5^ = ZAB {Geom. 78), 
if we add a BA to the zenith distance as observed at a, we shaH 
have the zenith distance such as it would be found to be if the in- 
strument were placed at A, Now AB and the distance A a being 
supposed to be known, we obtain the above correction by the fol- 
lowing proportion 

AB : sin A aB :i A a : sin a BA. 
which gives , ^ 

A a s\n A a B 



sin a BA = 



AB 
R" A a sin AaB 



■" AB 

in seconds, R^ being the radius in secondsf . 

149. In what we have said upon the subject of levelling, we have 
supposed that light, in coming from an object to the eye, proceeds 

■^-- --- ■_- - ■■ I — * 

t The expression for the angle is reduced to seconds by dividing it 
by 1'', or (on account of the smallness of the difference) by the sine 
of i" ; or, which amounts to the same thing, by multiplying it by the 
number of seconds contained in an arc equal in length to radios. 
But, since the ratio of the diameter to the circumference is as I to 
3,14159 &c., when the radius is 1 or the diameter 2, the circumfer- 
ence is 2 X 3,14159 &c., and the semi-circumference or ISO^ is 
3,14159 &c.; consequently 

3,14159 &c. : 1 : : ISQo : jRo^ 
whence 

180° 
^ = 3,14159 &c. = ^^^ ^^' ^' ^"* ^' = ^^^^^'^^'^ ^" = 206264,8". 

The logarithm of JR", which we have frequent occasion for, iss 
5,31443. 
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in a straight line. But it is to be observed that when a ray traverses 
obliquely the different strata of the atmosphere, it is slightly curved 
in a vertical plane,f and it is in the direction of a tangent to this 
curve that the object is actually seen. Thus, if BDA [Jig. 83) rig. 83. 
represent the path described by a ray of light in passing from B to 
«j, the object B will be seen at B' in the direction of a tangent at 
the point A. 

Let C {fig. 84) be the centre of the earth, and A^ J5, two sig- Fig. 84. 
nals, A^ the apparent place of A as seen from jB, and B' the appa- ' 
rent place of B as seen from A. ZAB\ VBA' will be the appa- 
rent zenith distances^ ZAB, VBAj the true zenith distances, and 
the difference between the former and the latter respectively wilj 
be the refraction sought. 
Since ZAB = C + ABC 

and VBA=C + BAC 

we shall have 

ZAB + VBA = 2 C + ABC + BAC = 180^ + C; 
if we subtract from this quantity the apparent zenith distances, we 
shall have the sum of the two refractions, namely, 

r + r' = 180 + C — ZAB' — VBA' 
= C — {ZAB' + VBA' — 180^) 
or, by considering r :=z r*^ 

r = \{C — {ZAB' + VBA' — 180°) ) ; 
that is, we subtract the sum of the depressions of the two signals 6e- 
low the horizon from their distance asunder j considered as an arc 
of a great circle of the earthy and take half the difference for the 
terrestrial refraction. 

150. At 18,6 yards below the top of the signal Aj the zenith 
distance of the upper extremity of the signal B was found by ob- 
servation to be 90° 13'; and at 16,5 yards below the upper ex- 
tremity of B the zenith distance of the point A was 89° b^'^ the 
rectilineal distance between the two signals being 31172,8 yards. 
It is proposed to determine the amount of the refraction. 

We first reduce the zenith distances to the tops of the signals by 
the formula 

sm aBA = -^ (148). 



t There are sometimes lateral deviations, but these are consider^ 
as exceptions to the general law. 
Top. 14 
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Thus, to 6nd the reduction in seconds, 

AB . . 31172,8 . • 4,49378 AB 4,49373 



6,60622 6,60622 

Aa . . . 18,6 . . 1,26961 Pb . . 16,5 . . 1,21748 

sin AaB . . 90° 13' 10,00000 sin AbB..89^ 66' . . 10,00000 

R' 6,31443 R'' 5,31443 



123'' = 2' 03" . . 2,09016 109" = 1' 49" . 2,03813 
Fig. 84. AaB {Jjg. 84) = 90° 13' 00" AbB = 89° 66' 00^' 

2' 03" V 49" 



ZAB' = 90° 15' 03" VBA' = 89^ 57' 49" 

151. Now in order to apply the formula for the terrestrial refrac- 
tion, since one minute of a degree is equal 6076 feet, or 2025,3 
yards, 31172,8 yards = 16' 23" = the angle C; whence, by the 
formula 

r=zi{C — {ZAB' + VBA' — 180°) ), 

we have 

r=\ (16' 23" — (90° 15' 03" + 89° 67' 49" — 180°)), 
= I (15' 23"— 12' 52") 
= i( 2' 31")= 1' 15,6". 

If we divide both members of the equation by C, we shall have 

C ^ 15/ 23^^ ~ 923^ "^ ^'^ ^^ " nearly, 
whence 

r :=! ^-^ C nearly ; 

and for other distances r is found to bear about the same propor-^ 
tion to the angle subtended at the centre, that is, the terrestrial 
refraction is ordinarily about one twelfth of the distance between the 
observer and the object^ considered as an arc of a great circle of the 
earth. Suppose, for instance, that the top of a ship's mast is seen 
twelve nautical miles off at sea, this distance considered as an arc 
of the circumference of the earth, or as subtending an angle at the 
centre, amounts to 12', one twelfth part of which, or 1', is the an- 
gular elevation of the object produced by refraction. 
Fig. 83. Thus ADB {fig. 83) being supposed equal to 12 nautical miles, 
B will appear from the point A at JS', 1' above its true place, and 
BB' may be considered as the natural sine or an arc of one 
minute, belonging to a circle whose radius is 12 nautical miles. 



Levelling, 107 

Now the sine of Vy radius being unity, is 0,00029 (see table of nat- 
ural sines). Accordingly we have 

BB' = 0,00029 X 12 = 0,00348 of a mile 
= 0,00348 X 6076 = 21,14 &ic. feet. 

It follows, therefore, that at the distance of 12 nautical miles an 
object is seen about 20 feet above it^ true place. 

162. It is to be observed, however, that the terrestrial refraction 
is found to vary considerably in different countries, and at different 
seasons in the same country. It is estimated at y^ by Dr. Maske- 
Jyne, and at yV by Legendre. In France, according to Delambre, 
it is about 0,075 in summer, 0,08 in spring and autumn, and from 
0,09 to O/l in winter. 

163. The correction for refraction being applied f to the appa- 
rent zenith distances as observed at A and B {Jig. 81), the true Fig. 81. 
difference of level is found by one of the formulas above investi- 
gated ; thus 

^^, _ K sin i {VBA — ZAB) 

^^ '^ COS i {VBA — ZAB + C) 

__ KBinj (89Q 5r 49^^ — 90o 15^ 03^0 
~ cos. i (890 67' 49" — 90© 14' 03" + 15' 23") 

_ 31172,8 sin} (—17' 14") ^ 
— cos j (— 17' 14" + 16' 23") ' 

or by logarithms, 

^ (_ 17' 14^'+ 16' 23^0 = — i (1' 5F0.-56''..log. cos... 10,00000 

0,00000 
t(_17/14//) . . . 8' 37" . . log. sin . . 7,39906 

31172,8 4,49378 

BB' =: .... —78,134 yds. ..... 1,89284 

As FBA is less than ZABj BB* is negative, that is, the dis- 
tance of B from C is greater than that of A from C. 

154. We obtain very nearly the same result by the formula in 
which J C is neglected (144). Thus 

f It is not necessary to apply the correction for refraction to obtain 
the difference of level, when we employ the formula involving both 
the zenith distances, since, by adding the same quantity, 1' 16" for 
instance, to each of the zenith distances VBA^ ZBA, the difference 
remains unaltered. 



108 Application of Trigonometry. 

BB' = JSTtang \{VBA — ZAB) 
= 31472,8 tang 8^ 2>r' ; 
and by logarithms, 

31172,8 4,49378 

tang ... 8' 37^' 7,39907 

BB' = . , — 78,136 1,89285 

BB' is negative for the reason already mentioned (163). 

166. If only one of the zenith distances ZAB were known, we 
should make use of the formula 

BB' = K cot ZAB —\C. 
Thus, in the present case, 

BB' = 31172,8 cot. (90° 16' 03'^ + V lb" — T A2'')\ ; 
and, by logarithms, 

31172,8 4,49378 

90Ol6'03''+ra6'' 01 90Ol6a8''-.7'42'-'=90O8'36''log cot 7,39822 

55/ _ 77,98 1,89200 

166. When K is unknown, both the zenith distances being given, 
we have recourse to the formula 

BB' = — 2R cos \ {ZAB + VBA) tang \ {VBA — ZAB), 
which in the above example becomes 

^/ = — 7912 X 1760 COS i (90°16'18"+89O59'04") tang J (89O59'04"— 90oi6a8") 

7912 3,89829 

1760 3,24551 

j(90oi6'18''+89o59'04")=i(180oi5'22''=90o7'4rMog cos 7,34928 
^T(89o5904'' — 90oi618'0 = J(1714') = 8'37''....log tang... .7,39906 

J5B' — 78,08 . . . .' . . 1,89214 

Kiij, ai>. 167. The zenith distance ZAB (Jig. 85) of the surface of the 
sea, as observed from the top of a mountain, being given, it is pro- 
posed to find the height of the mountain. 

We might make use of the formula BB^ = JTcot {ZAB — |C) 

(145), since C = ZBA — 90^ {Geom. 78) and K= ^/^j^j^- 

But a more convenient and exact formula may be obtained. 
A being a right angle, we have the proportion 
sin jB = cos C : Cw2 = JR : : sin ./3 = 1 : CjB = /2 + BB', 

t The correction for refraction -|- 1' 15" is applied here, because 
only one zenith distance is used. 
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whence 

COS C COS C \ cos C / 

But, since 1 — cos C = sin C tang J C f , we 6btain 

= /2 tang {VBA — 90°) tang J (FB4 — 97°), 

or, since FB.4 — 90^ is very small, 

BB' = R tang (FB^/S — 90°) i tang (FBw3 — 90°) 
= 1 J? tang (FS^ — 90O)X 

168. In this formula VBA is supposed to be corrected for re- 
fraction. If VBA' be the apparent zenith distance, we shall have 

VBA = VBd' + 0,08 C (151) 

z= VBA' + 0,08 (FjBw2^ — 90O). 

This value being substituted for VBA^ the above formula becomes 

BB' = ^ /2 tang {VBA — 90° -f. 0,08 {VBA' — 90°) f 
= \R tang ( ( 1 + 0,08) {VBA'— 90°) )2 
= jB (1 4- 0,08)2 tang {VBA' — 900)^ very nearly. 

159. Suppose for example that the angle VBA' as actually 
observed at the point B, to be 90° 19' 08'^ we readily obtain the 
height of the mountain in feet ; thus 

BB' = I 3956 X 5280 (I + 0,08)^ tang 90° 19' 08'' — 90O)2 ; 
and by logarithms 

i 8956 z= 1978 . . . log. . . 3,29623 

5280 log. . 3,72263 

1 + 0,08 = 1,08 . . . 2 log. . 0,06685 

90° 19' 08" — 90°, = 19' 08" . 2 log. tang 15,49102 

BB' = 377,34 feet 2,57673 

Deducting the allowance for refraction, we have 2,57673 — 
0,06685 = 2,50988, which gives the height BE' = 325,5 feet. 

t The formula -= — > = — :—- { Trig. p. 25) by multiplying 

XL — cos a JtC 

by J2 — cos a and dividing by cot ^ a, and putting 12 = 1, gives 

sin a 
1 — cos a = —--— = sm a tang i a. 

cot ^ a 



y ..y 



■ 1 



. t 
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Fiff. 86. 160. Reciprocally, the height of the station BB^ {jig. 86) being 
given, it is proposed to find the apparent zenith distance VBA', or 
the apparent depression of the horizon HBA\ called the dip. 
The formula, 

BB' = \R tang {VBA — 90O)« (167), 
BB' being known, and VBA the quantity sought, gives 

tang {VBA — 90^) = tang HBA = J^'- 

But the correction for refraction ABA' 

= 0,08 B'A (151) = 0,08 C = 0,08 HBA ; 
accordingly we have 
UBA' = HBA — 0,08 HBA = 0,92 HBA 



^0,92 J j 



r^ nearly (Tr^. 17) 
0,92 , 



sin 1" -v/ifi 
in seconds. 

92 

-. — Yf, — = is constant, and its logarithm, R being estimated in feet, 

is r,96379 — 8,19500 = 1,76879. If the height BB', as that of 
the deck of a ship for example, be 12 feel, we have log. ^BB' = 
i log. 12 = 0,53909. This added to 1,76879 gives 2,30788, 
which answers to 203^' = 3' 23'^ the dip of the horizon, or quan- 
tity to be subtracted from observations of altitude at sea, w^hen the 
observer's eye is 12 feet above the surface. To find the dip for 
any other elevation, as a, we have simply to add half the logarithm 
of a in feet to 1 ,76879, or, to use the proportion 

VJfS ; V« • • 3' ^^" • ^'P required. 
161. Where the difference of level is great, as in problems re- 
specting the heights of mountains above their bases or above the 
sea, the weight of the atmosphere, as determined by the barometer, 
is generally used in preference to any other method. Suppose the 
Kg. 87. whole height of the atmosphere AT {fig* 87), to be divided into 
an indefinite number of strata of the same thickness, and so small 
that the density of each stratum may be considered as uniform. If 
we represent the densities of the several successive strata beginning 
at the surface of the earth by a, 6, c, &;c., since the weight of each 
is as the density multiplied by the thickness, the thickness being 
considered equal to one, we shall have the weights as the densities, 
that is, as a, 6, c, S^. Consequently the weight incumbent upon 
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the 1st stratum will be as i -{- ^ + ^ ~t* ^*) ^^^^ "P^" ^^^ ^^ ^s 
e -f" ^ 4* ^ 4* ^^'i ^^^ so on. But the density is as the incum- 
bent 'weight f , or compressing force ; accordingly we have 
a:6::64-c + (Z + &;c. : c + d + e -}- fac. 
b : c ::c4-rf + e + Sic. : (? + e + / -}- &c. 
and so on ; whence 

a : b : : b : c : : c : d, and so on f f ; 
that is, when the altitudes above the surface are taken in arithmeti- 
cal progression, the corresponding densities, and consequently the 
incumbent weights of the atmosphere at these heights, form a geo- 
metrical series; in other words, ' the heights are the logarithms of 
the corresponding weights of the atmosphere, according to a par- 

f ticular base, which may be determined by experiment {•dig. 254). 

• Distinguishing these logarithms by i, if we denote any two heights 
by A, h% and the corresponding weights of the atmosphere, as de- 
termined by the barometer, by Wy ti/, we shall have 

h' — h =:Xw — ill/, 
or putting A = fff, h' =zXw — An/, 
that is, the difference of level, or height of one of the places in 
question above the other, is expressed by the difference of the log- 
arithms of the mercurial columns, these logarhhms being construct- 
ed upon a particular base adajhed to this purpose. Now, since 
logarithms are changed from one system to another by a constant 
multiplier {Jilg. 250), we shall have 

,V = X (log. w — log. w)j 
log. denoting the common logarithm of the quantity before which it 

f This is ascertained by experiment. If we take a portion of air 
and compress it by a certain weight, upon doubling the weight the air 
is reduced half the space. The weight being quadrupled, the air is 
reduced to one fourth of the space, and so on. 

ft If we suppose a : b : : b i c i : c:d: : d : e : : e :f&,c,, by omit- 
ting the first couplet and taking the sum of the antecedents and sum 
of the consequents {Geom, IV), we shall have 

6:c::6-j-c4-^ + &c« : c -|- rf + 6 + &c., 
and consequently 

a:6:.6-|-c-{-c?+ &c. fc -}- ^ + ^ + ^^' 
By omitting the two first couplets we shall have 

c : d or b : c : : c -^ d -\-c -{- &c. : ^ + c -[-/ + &c. 

ttt This amounts simply to supposing that the lower station coin- 
cides with the common level, the sea, or some assumed level, as the 
base of a hill, to which the other point is referred. 
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is placed. Hence, by taking an object whose elevation has been 
previously ascertained by other methods, we readily find, once for 
all, the value of the multiplier x, thus 

_ h' . . 

log w — log. to'* 
Let us suppose, for example, that at the bottoni and top of a 
tower, whose height is 200 feet, the mercury stood in the barome- 
ter as follows, namely, 

at the bottom .... 29,96 inches, 

at the top 29,74, 

the temperature of the air being 49°. We shall have 

_ 200 _ 200 _ 200 _^^^^ 

^ "" log.29,9(>— log.29,74 *" 1,47654— 1,47334"" 0,00^20 "" ^^^""* 

162. But this multiplier is constant only when the mean tempe- 
rature of the air at the two stations is the same ; and for a lower 
temperature the multiplier is less, and for a higher it is greater. A 
correction, however, may be applied for any deviation from an oi- 
sumed temperature, by increasing or diminishing (according as the 
temperature is higher or lower) the approximate height by its 449ik 
part for each degree of Fahrenheit's thermometer. We can more- 
over change the multiplier to a more convenient form by assuming 
such a temperature as shall reduce this number to 60000 instead of 
62600. Now 62500 exceeds 60000 by its 25th part ; and, since 
1° causes a change of one 449ih part, the proportion 

TIT : 1° : : tV : 1'7,9 &c. 
gives 18° nearly for the reduction to be made in the temperature 
of the air at the time of the above observations, in order to change 
the constant multiplier from 62500 to 60000, or to 10000, by call- 
ing the height fathoms instead of feet. Thus, the thermometer 
standing at 49°, we may suppose it to stand at 49° — r 18° or 01° j 
and then we take 10000 as the multiplier, and apply a correction 
additive for the 18° excess of temperature. 

The above observations, for example, being given, to find the 
height of the tower, 

29,96 . . . log. . . . 1,47654 
29,74 .... log. . . . 1,47334 

Diff. of log. . . . 0,00320 
Multiplier . • • 10000 

Product .... 32 
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Thus the height of the tower is 32 fathoms, or 32 X 6 = 192 feet, 
on the supposition that the temperature of the air is 31° ; but it 
being 49°, this resuh is to be increased yi^ part for each degree 
above 31° ; that is, by jW or ^^ of the approximate height. By 
adding j\ of 192, or 8, to 192, we have 200 feet for the height of 
the lower. 

This same method is applicable to other cases, whatever be the 
temperature of the air at the two stations ; that is, the difference of 
the logarithms of the two barometric columns, the decimal point 
being removed four places to the right, is the approximate height or 
difference of level in fathoms. A correction being applied for the 
difference of the mean temperature of the two stations from 31°, 
according to the rule just given, the true height is obtained. 

163. Given the height of the mercury in the barometer at the 
bottom of a mountain =: 29,37 in., and at its summit = 26,59 in., 
to find the altitude of the mountain, the mean temperature at the 



two stations being 26°. 

29,37 . . . log. 
26,59 . . , . log. 


* 

. 1,46790 
1,42472 


diff. 
Approximate height 
Correction ^f j of 431,8 . 


0,043 IS 
= 431,8 fathoms, 

• = — 4,8 



True height .... 427,0 = 2562 feet. 

164. We have supposed in the above examples that the tempe- 
rature of the mercurial columns at the two stations is the same. 
Where the difference is considerable, the result will evidently be 
affected by it. If the upper station, for instance, be the coldest, 
which roost frequently happens, the mercurial column will be too 
short, and will consequently indicate too great a height. The con- 
traction being about one 10000th part for each degree of cold, or 
0,0025 in. in a column of 25 in., il would require 4° difference of 
temperature to produce an effect amounting to one division on the 
scale of a common barometer, where the graduation is to hun- 
dredths of an inch. 

This correction is combined with the foregoing rule in the fol- 
lowing formula, in which t, t\ represent the temperature of the air, 
gr, j', that of the mercury, at the two stations respectively, 0,00223 
being equivalent to 7^7 nearly. 

Top. 15 
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t0 



\ 



A'=10000(l+0.00223('4i:-3l)losj^,3^^^^^j(^_^,j 

. 166. Beside the corrections above considered, regard is some- 
times had to the eiffect of the variation of gravity in different lati- 
tudes, and at different elevations above the earth's surface. The 
latter however is too small to require any notice in an elementary 
work. The former may be found by multiplying the approximate 
height by 0,002837 1 X cos 2 lat. It is additive, when tlie lati- 
tude is less than 45°, and subtractive when greater. Or it may be 
taken from the following table. 

Latitude. Correction. 

0° . . . . + y}^ of the app. height. 

10° 
16° . 

20° 
26° . 
30° 
35° . 
40° 
46° . 
50° 
65° . 
60° 
65° . 
70° . 
75° 
80° . 
85° 
90° . 

166. (1.) Given the pressure of the atmosphere at the bottom of 
a mountain equal to 29,68 in. of mercury, and that at its summit 
equal to 25,28 in., the mean temperature being 50°, to find the • 
elevation. Arts. 121 fi, fathoms or 4363,2 feet. 

(2.) The following observations being taken at the foot and 
summit of a mountain, namely, 

at the foot bar. 29,862 attach, therm. 78° detach. therm..f 71° 
at the summit " 26,137 " 63° " 66° 

to find the elevation. Arts. 618,9 fathoms, or 3713,4 /eet. 

t The attached thermometer measures the temperature of the 
mercury in the barometer^ and the detached thermometer that of ttto 
surrounding air. 
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(3.) It is required to find the height of a mountain in latitude 
30^, the observations with the barometer and thermometer being as 
follows ; namely, 

at the foot bar. 29,40,. .attach, therm. 50°.. .detach, therm. 43® 
at the summit " 25,19 « 46° « 39® 

Jlns. 683,27 fathoms, or 4099,62 feet. 



Trigonometrical Surveying. 

167. This term is applied to those operations, which have for 
their object the more accurate determin^ion of the geographical 
position of places, and finally that of the magnitude and figure of 
the earth itself. Where a survey is made to comprehend an ex- 
tensive country, it is evident that the lines, amounting to many miles 
in length, and extending over mountains and vallies, cannot actually 
be measured with any considerable degree of accuracy. It is 
usual, therefore, in such cases to connect the principal points to be 
determined by a series of triangles, as represented in figure 89, the Fig. 89. 
angles of which, together with any one side, being carefully meas- ' 
ured, the whole become known, and the distance and bearing of 
any two points are thence deduced by calculation. 

The principal triangles are made as large as possible, by con- 
necting the most prominent objects that are favourably situated f 
for this purpose. The side to be measured, called the base, is 
usually much shorter than those of the principal triangles, and is 
taken upon a heath or other level piece of ground, that admits of 
its length, as referred to the level of the sea, being ascertained with 
the greatest precision. It is customary also to measure the side of 
some other triangle, as d c, near the other extremity of the series, 
called the base of verification, and to compare the result of this 
measurement with the computed length of do, for the purpose of 
being enabled to judge of the correctness of the whole process f f . 

t It is evident that the condition the most favourable to accurate 
results, other things being the same, is when the triangles are equi- 
lateral. 

ft In the great French survey, conducted by Mechain and Delam* 
bre, the base of verification to a series of , triangles extending from 
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Two other operations purely astronomical are now requisite to 
complete the work. The first is to find the angle comprehended 
between the meridian and the side of one of the given triangles, as 
bAl/ I and the second to determine the latitude of each of the 
extreme points A, B, we shall then have the means of computing 
ihe perpendicular distance bb'^pp^^ &c., of each station from the 
meridian and the distance of eacli perpendicular A b\ A p'^ &c., 
from A. Knowing therefore the absolute distance A cr, and the 
dijfference of latitude of these two points, we readily find the length 
of a degree, and thence the length of 360°, or the whole circum- 
ference of the earth considered as a sphere. By performing simi- 
lar operations in different latitudes, we obtain the length of degrees 
in those latitudes, and thence the true figure of the earth, on the 
supposition that it is a spheroid of revolution, or such as would be 
formed by the revolution of an ellipse about one of its axes. 

168. The solution of this important problem belongs properly to 
astronomy ; but it may not be amiss to make the learner acquainted 
in this place with some of those theorems, that have been investi- 
gated for the purpose of facilitating the observations and calcula- 
tions above referred to. 

169. It will be readily seen, that, where a triangle is formed by 
means of signals placed upon the spires of churches and the highest 
points of otiier objects, it will often be impossible to place the in- 
strument at the vertex of the angle to be measured. Suppose, 

rig. 88. for instance, that the angle C {jig. 88), in the triangle ABCy is 
required, and that the nearest position in which the instrument can 
be placed is at P. The angle AFB = P, and BPC z=z P', be- 
ing observed, and the side CP together with AC and jBC, being 
known, the angle C may be found. Thus, 

AIB,z=i P + MP = C + PBC; 
whence 

C =iP + lAP — PBC. 

But, by the rules of trigonometry, 

AC : PC:: sin CPA : sin CAP, 
whence 

»;« />/iP • ran PCsinCPA PC. ,„ ^, 

sm CAP or sm MP = -^ z= -— sm (P + P^). 



Melun to Perpignan, a distance of about 400 miles, differed less than 
12 inches from its computed length. Instances of *ich extreme accu- 
racy occur also in the English survey. 
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Also 

BC : PC:: sin BPC : sin PBC; 

whence 

sin PBC = ^ sin BPC = ^ sin P'. 

Now, since the angles LAPj PBC, (or the arcs measuring them) 
are always very small, their sighs may be taken as equivalent to 
the arcs themselves {Trig, 17). Accordingly by thb substitution, 
we shall have 

_ p PC / sin (P + PQ sin P^ 

"" ■•"sinl'V AC BC J 

in seconds. 

The use of this formula cannot in any case be embarrassing, 
provided the signs of sin (P + P^) and sin P' be attended to. 
Thus the second term of the correction will be positive, if the angle 
(P + P^) fall between and 180^, and it will be negative if it 
exceed 180° (Trig. 23). The contrary will take place with 
respect to the angle P^, according as it is less or greater than 180°. 

170. When AC or BC becomes infinite with respect to PC, 
the corresponding term vanishes (*dlg. 68), and we have, in the 
first case, 

p_ p PC sin P^^ 
sinr'JBC" 

and in the second 

PCsinj(Pj^PO 
^ —^-r sin i„ j^Q • 

The first of these formulas is applicable when .5 is a heavenly 
body, and the second when B is one. When AC, BC, are each 
infinite with respect to PC, both the terms vanish, and we have 
C = P. 

171. But without A and B being at infinite distance, C may be 
equal to P in innumerable instances ; that is, whenever the centre 
is placed in the circumference of a circle passing through three 
points A, B, C; or when the angle BPC is equal to the angle 
BAC, or to BAC + 180°. Whence, though C should be inac- 
cessible, the angle ACB may in many cases be obtained without 
any calculation. 

It may be further observed, that when P falls in the circumfer- 
ence of a circle pasemg through the three points A, B, C, the an- 
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gles A J B, C, may be determined solely by measuring the angles 
APB, PBC. For the opposite angles ABC, APC, of a quadri- 
lateral inscribed in a circle, being equal to 180° {Oeom. 130), we 
shall have 

ABC =z 180^ — APC, 
also 

BAC = 180O — {ABC + ACB) 
= 180° — \aBC + APB). 

172. If one of the objects viewed from a further station be a 
vane or staff in the centre of a steeple, it will sometimes be found 
that such object, when the observer comes near it, is invisible as 
well as inaccessible. Still there are various methods of finding the 

Fig. 90. exact angle at C {fig, 90). Suppose, for example, the signal staff 
to be in the centre of a circular lower, and that the angle APB was 
taken at P near its base. In the direction of the tangents PT^ 
' PTf let two equal distances P m, Pm\ be taken at pleasure* 
Bisect m m! at the point n, and the angle n PB will be equal to the 
angle CPJB. Also the distance PS added to the radius CS of 
the tower, will give PC the distance of the centre of the position 
P from the centre of the station C. 

If the circumference of the tower cannot be measured for the 
purpose of determining the radius ; by measuring the angles JSPT, 
BPT, we shall have 

BPC = \ {BPT + BPT) 
and CPT = \ {BPT — BPT) ; 

then the measure of PT will give 

PC =zPT sec CPT. 

173. If the base of the tower be a regular polygon, which not 
Fig. 91. unfrequently happens, take for the position P {fig. 91), the point 

of intersection of two of the sides produced, and we shall have, as 
before, BPC = | {BPT + BPT), and PT equal to the dis- 
tance from P to the middle of one of the sides ^ and hence PC is 
found as above. If the figure be a regular hexagon, Pm Cm' isB, 
rhombus, in which m m' is equal to m C {Gtom. 271) ; accordingly 
we have 

J M^zwmm' \ PC {Geom. 272), 
and hence 

PC=mm/ \/3. 

174. If the instrument used for taking the angles be adapted 
only to measure angles m the plane passing through the three sta- 
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lions, it becomes necessary to reduce these angles to the horizon. 
Let BCA (Jig. 92), be an angle nieasured in an inclined "plane, Fig. 99. 
and B*CA' the corresponding horizontal angle, formed by the pro- 
jection of CA, CB. Tlie zenith distances z a, z b, of the stations 
w4, B^ as observed from C, together with the arc ab, the measure 
of C, or of ACB, constitute a spherical triangle, in which the angle 
at 2r is equal to Jl'CB' or C^ tiie angle required [Geom. All). 
Hence, by tiie common theorem for tiie case where three sides of 
a spherical triangle are given to find an angle (Trig. 62), we have 

sin ^;r = sinlC'z= | g^"i(^+g^+^^— ^^<')sj"Jl(^+g«+g^>— ^g^) 
^ ^ \ sin z a sin z 6 

_. |sin hi^C-^-zh — zq)sinj^(C-)-gg — ^h) 
\ sin z a sin z b 

175. It may sometimes be more convenient to take the inclina- 
tions ACA'^ BCB\ h{ A and JB, that is, the complements of the 
zenith distances. If we call these c, c^ respectively, by intro- 
ducing them into the first of the above fornaulas, we shall have 

8in4(C+90Q-c+90Q-c^-2(90O-c)sin^(C+90°-c+90°-c^-2(90O-c0 



«n ± a =Y^ 



sm o v^ — I , 

cos C COS C' 



J 



_. sin i (C+ c — c') sin j (C + c'—c) 



cos C COS c' 



1 76. If c be equal to cf, the above formula becomes 

. , ^, Isin \Cs\n^C sin X C 

sm 4 C = — ^ ^ — = ^— . 

" \ cos c cos c cos c 



177. If the angles c &, be very small and nearly equal, since 
the cosines of small angles vary very slowly, we may often use the 
following formula without sensible error, namely, 

sm I C' = IV , — TT very nearly. 

^ cos^\c + c), 

178. The observed angles being reduced to the centre of the 
station, and to the horizon, it is proposed next to find the angle con- 
tained by the chords of any two sides of a known spherical triangle. 

The angle A, for example, of the spherical triangle ABC 
{Jig' 93), and the two sides 6, c, being given, it is required to find rig. 93* 
the angle A\ contained by 6', (/, the chords of 6, c, respectively. 

From a known theorem of spherical trigonometry {Trig. 63), 
we have 

cos a = cos 6 cos c -|- sin 6 sin c cos A. 
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But 

cos c = (cos ^ c)* — (sin i c)^ {Trig. 1 1), 

= 1 ^ (sin I c)2 — (sin i cf {Trig. 10), 

= 1—2 (sin i c)^ 

In like manner 

cos a == 1 — 2 (sin J a)^, 

and cos 6 = 1 — 2 (sin | 6)^ 

Substituting these values in the above equation, we have 
1—2 (sin ^a)3=(l— 2 (sin ^6)^ (1 — 2(sin ^cY + sin 6 sin c cos ,5, 
or, since 
sin i = 2 sin i b cos | 6, and sin c = 2 sin ^ c cos ^ c (Tr^. 11), 

■ 1 — 2 (sin i a)* = 1 — 2 (sin 4 ^)' (1—2 (sin 4c)*+4 sin i icosi 5 sin ^c cob ic cxnaA. 

Now 

sin ^ a = ^ a', sin 1 6 = 1 6^, and sin ^ c = J (/ (Tr^. 1 1), 
consequently, 

J — 1 a'2 z=: (1 -i6^) (1 — \cf^) + 4 \y cos i i| (/ cos ^ ccos.« 
= t._ 1 J/2 _ ic/2 ^ 16/2C/2 + 6v cos ^ 6 cos i c cos .4, 

and by transposition, 

— — ^ z= J 6^ c^ + J V cos 1 6 cos ^ c cos ^. ' 
But 
COS A' = — -^-s-T , or cos A* b' c' = ' — 5 {Trig. 38), 

whence, by substitution and division, we have 

cos A' -=1 \b' \c' '\- cos 1 6 cos J c cos A^ 
or by restoring the values o{\b' \ cf^ 

cos A' = sin 1 6 sin I c ^- cos 1 6 cos ^ c cos A. 

179. When the three sides a, 6, c, are very small, compared with 
the radius of the sphere, the triangle differs but little from a fdane 
triangle ; and by considering it as such we can arrive at an approx- 
imate solution ; but in this case we neglect the excess of the sum 
of three angles over two right angles {Geom. 489). In order to 
obtain a solution more exact, it is necessary to take account of this 
excess, which may readily be done by means of a general princi- 
ple, which we proceed to make known. 

Let r be the radius of the sphere on which the proposed triangle 
is situated. If we suppose a similar triangle, traced upon a sphere 
whose radius is 1 , the sides of this triangle will be 

a b c 



r' r' r 



• 



• 



b 



COS 
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Then, A being the angle opposite a, we shall have 

a be 

cos COS - COS - 

COS A =z ^L— T (Trig. 53). 

sin - sin - 
r r 

But, r being very great with respect to cr, 6, c, 

a ^ a^ . a"^ ,.66 63 

cos - = 1 — vr-Q + „— ^ — ;i— 4, and sin - = ^ ^ ^ 5 

r. 2r2'2.3.4r*' r r 2.3r3' 

and cos -, cos -, sin -, admit of similar expressions. Whence, by 
substituting these values in the above equation, we obtain 

^^_ \ 2/a^2.3.4rV V 2r2^2.3.4rVV 2H^2.3.4rV 

/b _ 63 \ /c _ c3 \ 
V 2.3r3y V 2.Jr3y 

or, by reducing and neglecting all terms exceeding four dimensions, 
on account of the smallness of the arcs compared with radius, 

n.^c /I — 2r2 "I 24^4 474" 

cos ^1 = 

6 c 63 c 6 £;3 

62 _L ^9 

Multiplying both terms of this fraction by 1 -j ~-^ , and neglect- 
ing as before all terms of more than four dimensions, the equation 
becomes 

62.|.c2„qa q4_64_c4 6QcQ 6^+c^-4-263c«— fl26g— ggcS 
^ 26c "^ 246cr-^ 46cr9+ I26cr9 

__ 6y- e g— fl8 q4 ^6^ -f c^ — 2 gg 62 — 2 ggcg — 26gc8 . v 
"" 26c "^ 24 6 cr9 ^ ^* 

If now we suppose A^ to be the angle opposite to the side cr, in 
the plane triangle whose sides are equal in length to the arcs a, 6, c, 
we shall have 

69 4- r9 a^ 

cos A' = ^-^rl—l {Trig.ZQ). 



f For an investigation of these expressions for the sine and cosine 
of an arc, see note at the end of this part. 
Top. 16 
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Also 

. .^ _ — a4 _ 54 _ c4 ^ 2aQ6» + 2a^c^+2b^c^ j^ 
smJi — jp^3 -f, 

6 c 

or, changing all the signs and multiplying both members by ^— 2> 

ft c sin A'^ _ a4 ^ 54 ^ c4 _ 2 g^b^— g ggcS — a^ggg 

6r2 "" 24 6 cr2 

These values being substituted in equation (I) give 

/J at ^^ sin A'^ 

cos Ji = COS ./a' ^ o — . 

O r* 

Put t^! =: t/J' + a?, and we shall have 

COS A =z cos A^ — X sin A' f f . 



But 



whence 



cos A = cos ./l^ TT-o — f 



^, be sin A'^ 
a? sia A' -=• ' 



6r2 ' 
and 6 c sin -4' 

6c. 
Since a? is of the second order with respect to - and - it follows that 

r r r 

the above result is exact to quantities of the fourth order; conse- 
quently we have 

6 c sin ^^ 
*'^ — •'^ -r g^2 

Now \hc %\ViA' is'the area of a plane triangle (124), whose 
sides are a, 6, r, and which does not sensibly differ from that of 
the spherical triangle under consideration. Accordingly if we call 

the area of either the one or the other «, we shall have 

—^^^-^^-^—^—^—^— - — _^^-^^-^— — ^— ^-^^-^^-^-^-__^^ -» 

t Sin ^'2=1 — cos A'^ ( Trig. 10). 
_ (6a -f c2 — a2)g 

"" (2 6 c)2 

_ 462 c9-. (q4 ,{, 6* + c^ — 2 gg b^ — 2a^c^ +2 6» c«) 
""■ 4 62 c2 

_ — a^ — 6^— c4 ^2 a2 62 + 2q2 eg + 2 62 c^ 
~ 4 62 c2 

ft By the general formula {Trig. 11) 

cos {A' -{- x) =1 cos A' cos 2 — sin A' sin a; : 
or, since x is very small, by considering cos a; = 1, and sin x = x, we 
have 

cos A =z eoB{A^ + x) =1 cos A' — x sin A' very nearly. 



/ 
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A=A' 


+ 


a 
3r2 


or 


A' = A 




a 
3r2' 


In like manner 










B' = 





3r2' 




C'=C 





3r2» 



r 



whence 

A' + B' + CorlSO^z=A + B+ C — ~; 
that is 

A + B+C-i80o = ^; 

1 

^ therefore may be considered as the excess of the sum of the 

three angles of the proposed spherical triangle over two right angles. 
This being established, we have the following remarkable theorem, 
by which the resolution of very small spherical triangles is reduced 
to that of plane triangles. 

•/? spherical triangle being propbsed, the sides of which are very 
small compared with the radius of the sphere^ if from each of its an^ 
gles we subtract a third of the excess of the sum of the three angles 
ever two right angles, the angles so diminished may be taken for the 
angles of a plane triangle, the sides of which are equal in length to 
those of the spherical triangle. 

In other words — 

A spherical trianghy slightly curved, whose angles are A, B, C, 
and whose opposite sides are a, b, c, answers always to a plane tri-' 
angle, whose sides are of the same length a, b, c, and whose op' 
posite angles are A — 1.5, B — |«, C — J*, « being the excess of 
the sum of the angles of the spherical trianghy over two right an- 
gles \. 

180. The excess « or j, which is proportional to the area of 

the triangle, may always be calculated a priori, by means of what 
is known in the spherical triangle considered as a plane triangle. If 

t This carious theorem was first announced by Legeudre in the 
Memoirs of the French Academy for 1787. 
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two sides 6, c, are given, together with the contained angle Aj we 
have for the area 

a = ilcsinA (124). 

If the parts given are a side a and the two adjacent angles B, C, 
we shall have for the area 

J 2 sin J5 sin C , 

"-^'* sin ^B + Cy- 
Moreover we have 

R^^ being the number of seconds contained in radius ; and thus s 

R" 

will be expressed in seconds, and —5- is a constant quantity. 

If the given side or sides be estimated in feet, r is also to be 
taken in feet, and we shall have in this case 

log. R'^ — log. r^ = log. 206264,8'^ — 2 log. 3956 X 5280 

=z _6,31443 — 14,63978 
= 10,67465 

We have therefore only to add 10,67465 to the logarithm of the 
area of the triangle, expressed iq feet, or to subtract its arithmetical 
complement 9,32535 f f , in order to obtain the spherical excess m 
seconds, 

Suppose, for example, that we had given two sides of a triangle 
a. If and the included angle C, namely, a = 248230 feet, b = 
212628 feet, and C = 103^ 19' 10^', we should have for the area 

, . ^ a 6 bin C 
a =z ^ a sm C, or 5 — , 

and, by logarithms, 

■■ ■ » 11 . 1 ■ I ■ ■ I ■ I ■■ „ ■ I ■■■■■■■ — — — — — ^ 

t Sin A zzz sin {B -\- C) : a :: Bin B : b =z -. — 7-= 7^, 

sm (jD -f- C) 2 

sin ^ = sin (J5 4- C) : a : : sin C : c = -. — . „ . _,, . 
^ ' ' sm (B -|- C) 

TT 1 ,-..,„ sin JB sin C 

Hence the area = Xbc sin A = ia^ - — 7-=^ --r. 

^ ^ sm {B -f- C) 

ft The constant subtractive logarithm used by General Roy, in the 
English survey, was 9,32677037, derived from the supposition that 
r = 3962 X 5280 feet nearly, or 6 miles greater than the above^ 
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2 log. . . 0,30107 

9,69897 
a . . . 248230 . . . log 5,39485 

b . . . 212628 . . . log 5,32762 

C . . 1030 19' 10^' . . log. sin . . . 9,98816 

Logarithm of the area 0,40960 

Constant logarithm subtractive 9,32535 

Spherical excess = 12,1 4^' 1,08425 

Thus the spherical excess in this example amounts to a little 
more than 12^' f ; and the sum of the three angles ought to exceed 
180^ by this quantity. We are thus enabled to judge of the accu- 
racy of the observations, and in some degree to apply a correction 
for slight inevitable errors. It is customary to increase or diminish 
each of the observed angles by a third of the error, in order to ren- 
der their sum equal to two right angles plus the spherical excess. 

The angles of the several triangles being thus corrected, we may 
proceed to calculate the sides f f directly by the rules of spherical 
trigonometry, or by reducing the angles to those contained by the 
chords (178), or by deducting one third of the spherical excess 
from each of the angles, and considering the remaining angles, 
together with the actual spherical sides, as constituting a plane tri- 
angle. The first of these methods was practised by Boscovich, the 
second by Colonel Mudge and Delambre, and the last by General 
Roy. Indeed, Delambre informs us, that he computed, by each 
of the three methods, the whole series of triangles extending from 
the British channel to the Mediterranean. 

181. (1.) Given ^C(^. 88) = 4510 yards, 5C= 4730 yards, Tig. 88. 
JIPB = 330 58^ 37,43^^ BPC = 232^ 55^ CP = 396 yards, to 
find the angle ACBy or the reduction to the centre of the station. 

Ans. ACB = 266° 52' 54,35'^ 

t The sides in the example above given are very large, being be- 
tween 40 and 50 miles. There are few cases in geodesio operations 
in which the spherical excess exceeds 5". 

ft One or more of the sides are first calculated for the purpose of 
finding the spherical excees, and by this means, of correcting the ob- 
served angles. In the method however of reducing the spherical 
triangles to those contained by the chords, there is this criterion of 
the accuracy of the observations, that the sum of the three reduced 
angles should always be equal to 180^. 
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Fig. 92. (2.) Given the inclined angle =zACB 61^ 09' 33,3^' {jig. 92), 
and the apparent zenith distances Za = 91° 2b' 61^', Zb = 91° 
32' 45'', to find the corresponding horizontal angle A'CB\ 

Ans. A'CB' = 61° 10' 49,18". 

Fig. 91. (3.) Given the arcs h c {Jig. 91), equal respectively to 15' 19'^, 
7' 26", and the angle A equal to 66° 30' 36,88", to find the angle 
A' contained by the chords of a, b. 

Ans. A' = 66° 30' 36,68". 

(4.) Given two sides of a triangle equal to 70290,2, and 18349,6 
feet respectively, and the contained angle equal to 55^ 43' 07", to 
find the spherical excess. 

Ans. 5,022". 

(5.) Given the three observed angles of a triangle, namely, 
A = 53° 58' 35,75", B = 57° 36' 39,5", C = 68° 24' 44", and 
the side c opposite to C = 79211,22 feet, to find the sum of the- 
errors of observation. 

Ans. — 1,83'^ 

(6.) Suppose that two sides a, 5, and the included angle C, of 
a spherical triangle have been determined as follows, namely, 
a = 7921 1,22, b = 71934,2, and C = 53° 58' 35,76", 
it is proposed to find, by the tlieorem of Legendre, the angles, and 
the remaining side, of the corresponding plane triangle. 

angles of the spherical triangle, angles of the plane triangle. Bidet. 

A 68° 24' 45", . . . ./2' = 68° 24' 44,64",...a = 7921 1,22 
Ans. < B 57° 36' 40,33",..J5' = 57° 36' 39,98",...6 = 71934,2 
53° 58' 35,75",.. C = 53° 58' 35,39",...c = 68896,9 
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Description and Use of the Plane Scale, Sector, ^c. 

The plane scale is an instrument of wood or metal varying in 
length from six inches to two fe.et. It asually contains lines of the 
IbUowing denominations^ namely, 

1. . Equal Parts, 

2. . . . Chords, . 

3. • . . Rhumbs, 

4. . Sines, 

5. . . • Tangents, 

6. . • * Secants, 

7. • • • Semi-Tangents, 

8. . • • Longitude, 

9. . . . Latitude, 

10. ... Hours, • 

11. . • • Inclination < 

1. Lines of equal parts are of two kinds. The first, represented 
by figure 94, consists simply of a certain number of equal portions of 
any convenient length, the extreme one on the left being decimally^ 
or duodecimally subdivided, and the rest being numbered 1, 2, 3, &c. 
There are usually several of these lines adapted to different purposes 
and distinguished by the numbers, 20,' 25, &c., showing into how 
many parts an inch is divided. 

These lines are used in laying down any distance, as feet, chains, 
miles, &c., expressed by a number consisting of two denominations, 
or two figures. The several divisions may be considered as feet, for 
example ; then the decimal subdivisions would be tenths of a foot, 
and the duodecimal subdivisions, inches. So also each of the prin- 
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f These letters are often omitted, and the names of the other lines still further 
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gents, &e. 
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cipal divisions may be regarded as ten feet^ ten miles, d&c., and in 
this case the decimal subdivisions will represent feet, miles, &c., re- 
spectively. 

The second construction for lines of equal parts is represented by 
figure 95. It consists, when intended for a decimal scs^e, of eleven 
lines, drawn parallel to each other, and at equal distances, the ex- 
treme ones being divided in the manner above explained, and the 
subdividing points being connected by diagonal lines, that is, by linetf" 
proceeding from the first point on the one side, to the second on the 
opposite, and so on, as exhibited in the figure. Then, by similar tri- 
angles, as a & : a c : : & : c e^, that is, cd\^ one tenth of the subdivis- 
ions, or one hundredth of the primary divisions of the scale. In 
like manner ef may be shown to be two hundredths, and g h three 
hundredths of a 1. While, therefore, the first scale is limited to two 
figures, this is adapted to three. If the number proposed were 253, 
for example, we should take 250 as on the former scale, by extending 
the compasses from 2 of the principal divisions, considered as con- 
taining each ten parts, to five of the subdivisions, then by opening 
the compasses to the corresponding extent on the third of the parallel 
lines, we shall obtain the length required. 

There are generally two diagonal scales laid down on the same face 
of the instrument, the unit of the one being double that of the other, 
and commencing on opposite ends of the scale. 

In order to construct the remaining lines of the plane scale, de- 
Fiir. 96. '^^"^^ ^^® circle AEBD {Jig* 96) with any convenient radius AC, 
and draw the diameters AB^ DE, at right angles to each other. 
Continue BA at pleasure toward F, and through D draw DG par- 
allel to BP, About the circle circumscribe the square HMN^ hav- 
ing its sides HMy MN, parallel respectively to the diameters ABy 
DE, and draw the chords BD^ BE, AD, AE. -y-^ 

2. For the line of chords, divide the arc DA intb^equal ^arts, 
marking the tenth divisions with the figures 10, 20, 30, &c. With 
one foot of the compasses in D transfer the several distances D 10, 
D 20, &c., to the chord DA, which, marked with the corresponding 
figures of the arc, will become a line of chords. Ther^ are usually 
several of these lines, constructed with different radii, upon different 
parts of the scale. 

3. For the line of rhumbs, divide the arc BE into eight equal parts, 
marking them with the figures 1,2, 3, &c., and subdivide each of 
these parts into four quarters ; then, with one foot of the compasses 
on B, transfer the several distances Bl, jB 2, &c., to the chord BEt 
which, marked with the corresponding figures of the arc, will be a 
line of rhumbs. 
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4. For the line of sines, through each of the divisions of the arc 
DA draw lines parallel to the radius AC, and CD will be divided 
into a line of sines, which are to be numbered from C to D for the 
right sines, and from D to C for the versed sines. These may be 
continued to 180^ by applying the divisions of the radius CD from 
CioE. 

5. For the line of tangents, lay a ruler on C and the several divis- 
ions of the arc DA, and the intersections with the line DG, being 
numbered with the corresponding figures of the arc, will become a 
line of tangents. 

6. For jthe line of secants, with one foot of the compasses in C 
transfer the distances from the centre C to the divisions on the line of 
tangents, namely, CIO, C20, &c., to the line AF^ and these will 
give the divisions of the line of secants, which is to be numbered with 
the corresponding figures of the line of tangents. 

7. For the line of serai-tangents, lay a ruler on JS, and the several 
divisions of the arc AD^ and the points of intersection with the radius 
CAi being numbered with the corresponding figures of the arc AD, 
will be a line of semi-tangents. This line is generally continued as 
far as the length of the scale will admit. The divisions beyond 90^ 
are found by dividing the arc AE like the arc AD^ and placing a 
ruler on E and these divisions of AE, and the line of semi-tangenta 
above 90^ will be obtained on CA continued. 

8. For the line of longitude, divide AH into sixty equal parts, and 
through each of these points draw lines parallel to the radius A C, and 
meeting the arc AE. With one foot of the compasses in E transfer 
these divisions to the chord AE^ and this line will become a line of 
longitude. If this line be put on a scale close to the line of chords, 
but inverted so that 60^ on the line of longitude shall be against 0^ 
on the line of chords,. &c., and any degree of latitude be counted on 
the line of chords, we shall have opposite to it on the line of longi- 
tude, the miles contained in one degree of longitude in that latitude, 
the measure of one degree at the equator being sixty geographical 
miles. 

9. For the line of latitude, place a ruler on A and the several 
divisions of CDy and note the intersections made on the arc BD. 
With one foot of the compasses in jB, transfer these divisions to the 
chord BD, numbering them with the corresponding divisions of CDf 
and this will be a line of latitude. 

10. For the line of hours, bisect the quadrantal arcs jBD, BE, in 
a, b. Divide the quadrant a b into six equal parts, making 15° to an 
hour, and subdivide each of these into four parts for quarters of an 

Top. 17 
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hour. A ruler on C and the several divisions of the arc a ft will in- 
tersect the line MN in the hoar points, which are to be marked as in 
the figure. 

11. For the line of inclination of meridians, bisect the arc MA in 
t; divide the quadrant he into ninety equal parts; place a ruler on 
C and the several divisions of the arc h c, and the intersections with 
the. line HM will be the divisions of a line of inclination of me- 
ridians. 

The line of chords is used in protracting and measuring an^es. 
Fig. 97. If it were required, for instance, to draw the lines AB, AC, {Jig, 97), 
making the angle A equal to 20<^, having drawn one of these lines, 
as AB, we should extend the compasses on the line of chords froin 
to 6(P, and with this extent, describe from ^ as a ceptre, an 
arc cutting the line AB in m ; then since the chord of 60^ is equal 
to radius (Geom. 271), this arc will have the same radius as the circle 
to which the given scale of chords belongs ; accordingly if we take 
in the compasses on the same scale the extent from 0^ to 20^^ and 
apply it from m to n, and through the point n draw the line AC, the 
arc m n will be equal in all respects to the arc D 20^, that is, it will 
contain 2(K, and being the measure of the angle A, this angle will be 
of the required magnitude. 

In like manner, if the lines AB, AC, were already drawn, and it 
were proposed to measure ^the angle contained by them, having de- 
scribed the arc m n with the chord of 60<^, we take in the compasses 
the extent from mion, and applying it from toward A on the same 
line of chords, and the number against which it falls shows the mag- 
nitude of the angle A, 

The line of rhumbs is also a line of chords. It has reference to 
the divisions of the Mariner's Compass, in which a right angle, in- 
stead of being divided into 90°, is considered as containing 8 points 
of 11*^ 15' each, and each point is subdivided into four quarters. 
Problems in navigation are frequently solved by estimating the angles 
in points and quarter points instead of degrees and minutes, but the 
nature of the solution is evidently not affected by this change in the 
denomination of angular magnitude. 

' The lines of sines, tangents, secants, and semi-tangents, as also the 
line of chords, are used in orthographic and stereographic projection. 
Fig. 12. Thus, the primitive circle {Jig, 12), being described with a radius 
equal to the sine of 90°, the radii CIO, C20, &c., of the projected 
parallels are the sines respectively of the polar distances of these par- 
allels, that is, of 80°, 70°, &c. (7). Jn the polar stereographic pro- 
Fig. 13. jection {Jig, 13) the radii P 10, P20, &c., of the parallels of lati- 
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tude being the tangents of half the polar distances req)eotiyely (17)^ 
that is, the semi-tangents of the polar distances, the primitive being 
described with the semi-tangent of 90^, or radius, for the radii of the 
other parallelswe have simply to take from the same scale, the semi-, 
tangent of 80^, of 70^, &c. So also in the equatorial projection 
(Jig- 14), the line of secants gives the radii of the oblique circles Fig. 14. 
JEJRH, EF"Hi &jC. (1^)> ^^^ <^Q ^^^ lin^ o^ tangents we have the 
distances of their centres respectively from the centre of the primitive 
(14.) These same lines serve also to find the distances of the centres 
and the radii of the projected parallels 10 a 10, 20 a' 20, &c. (18). 

The line of longitude, placed by the side of a line of chords in- 
verted, shows the length of a degree of longitude in different lati- 
tudes. Let the two meridians PEP', PQP' (Jig. 18), be inclined Fig. 18. 
to each other one degree, or in other words, let the arcs QEy KI, 
d&c, be each 'one degree of their respective parallels. The lengths 
of these arcs are to each other as their radii CE, LI, d&c. If, there- 
fore, CE be divided into 60 equal parts, the^perpendiculars from jlf,| 
I, JR, d&c.,t upon CP, (being taken in the compasses, and applied to 
CE), will show the length of a degree in each of these latitudes, or, 
which amounts to the same thing, the divisions of CE, numbered 
from C to JEr may be transferred, with the corresponding numbers, to 
the perpendiculars above mentioned, by means of lines drawn through 
M, i, JR, &c., parallel to CP, ia in figure 96. The numbers against 
Mi I, R, d&c., will then show the length of a degree in the latitude 
of M, /, R, d&c, respectively, and if these numbers be written on a 
scale of chords (as that of J^P), against the chord of EM, EI, ER^ 
d&c, respectively, the latitude of a place being given, we shall have, 
by inspection, the number of nautical miles contained in one degree 
of longitude at that distance fi-om the equator. 

The lines of latitude, hours, and inclination of meridians, are em- 
ployed in the construction of dials. To give an example of the use 
of these lines, lot c S, q' S' (Jig, 96) be the meridian, c c' being the Fig. 96. 
thickness of the stile, and YI c c' VI the six o'clock hour line. From 
the line of latitudes, take the extent fi-om the beginning of the line tp 
the division corresponding to the latitude of the place for which the 
dial is to be made, and set it off from c to m, and from & to m'. 
From the points m, m^, draw the lines mn, m'n', each equal. to the 
whole length MN of the line of hours, and terminating in the me- 
ridian line at n, n'. Transfer the divisions of the line of hours to the 
lines m n, m' n', numbering them as in the figure. From the points 



t M, R, &ic,, ftie supposed in tbi» case to be in the meridian EP- 
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e e*, draw tbe lines c I, c II, &c., c' XI, c' X, &c., and these will be 
the lines of the dial. 

To show the truth of this construction, let the latitude for which 
the dial is made be equal to the namber of degrees in the arc A p* 
Then letting fall the perpendicular pq^ and drawing through the 
point q the line Aqr, and joining B r, we shall ha?e the triangle 
AB r equd, in idl reacts, to mcn^ namely, AB or JI^N ^=mn, 
Br=:em, &c. Whence 

Radius : sin lat : : AC: Cq 

:: Ar : Brj 
consequently 

Radius : sin lat. : : nc i cm. 

Let H be the point in which one of the hour lines, as IV P. M., 
for example, meets m n. On the YI o'clock hour line take c R equal 
to c It ; join n R, and through If draw KHL parallel Xo cR, meet- 
ing the meridian in K, and the line nRin L; and join c L. Nov 
because R n and m n are similarly divided at L and H {Geom. 196), 
and rnHHrii are respectively equal to ilf IV, IV JV, JR n, and JCV, 
are similarly divided at L and IV. But the triangles Ren and 
MCN are manifestly similar ; consequently the angle nc L is equal 
to the angle NC IV, and therefore equal to the angle described by 
the i9un between noon and IV o'clock P* M. 

Now LKox nK: HK: : tang Kp Lof tangncZi : tangnc A 
But n K : HK :: nc : cm 

: : rad : sin lot. 
Accordingly 

Rad. : sin lat, : : tang hot. ang. : tang ncH^ 
whence 

tang nc H •ziz^m lat. tang hwr. an^. 

Therefore the angle which the line He or IV c makes with the 
meridian is of the required magnitude (39). In like manner the 
other hour lines may be shown to be drawn according to the formula 
above referred to. 

To construct a vertical south dial, we have only to take the com* 
plement of the latitude instead of the latitude, and it is evident, that 
by proceeding in the manner above pointed out, we should have for 
the result 

tang Hen -zz^ cos lat, tang hor, ang. 

which agrees with the formula for a vertical south dial (42). 

The line of inclination of meridians, it will be observed, is con-* 
structed like the line of hours, except that the angles are expressed 
in degrees instead of hours and quarters. It indicates the angles 
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made by the intersections of the planes of the meridians with the 
plane of the dial, and may be used like the line of hours, as will be 
sufficiently evident from what has been said above. 

When a dial has been constructed by means of the lines on a plane 
scale, the stile is to be made, and the dial is to be placed, according 
to the directions already given (40 &c.) 



Of the Sector. 

• 

The sector consists of two arms or radii moveable about a centre. 

It contains beside the lines above described t, double sets of lines of 

the following denominations, namely, 

1. . • Lines or equal parts, marked 

. S. '• • . Chords, • . . ^ 
3* • . • Sines, . . • • • 

4, • . . Tangents to 45^, 
5* • • • Secants, .... 

6. • • . Tangents above 45^, • 

7. . . . Polygons, .... 

These lines diverge from the centre of the axis about which the 
arms of the sector turn. The lines of chords, sines, and tangents to 
45P, have the same radius, so that the chord of 60^, the sine of 90^, 
lad the tangent of 45^, are equal to each other, and each equal to 
ten divisions on the line of lines. This common radius is nearly 
equal to the length of the instrument when closed. The line of tan- 
gents above 45^ and that of secants, have each for its radius, (me 
fourth of the above, and are continued to about 76^. The line of 
polygons is placed upon the inner edge of each arm of the sector, 
beginning with 4, and extending backward or toward the centre to 12. 

The use of the sector depends upon the proportionality of the sides 
of similar triangles. Thus, let AB (Jig. 98) be equal to AC, and ^'ff; ^ 
Ab to Ac, and we shall have (Oeom. 202) 

AB:BC::Abibe. 
Therefore whatever part ^ 6 is of AB, the same is 6 c of BC. If 
Abbe 9, ebordy sine, or tangent to AB as radius, b c will be the same 
to BC as radios. The use of this instrument will be best understood 
by a few examples. 

1. To divide a given line into any number of equal parts, as nine 
for instance. Take the length of the given line in the compasses, 
and open the sector till the distance between 9 and 9 on the two lines 



t The fmall lecton of six inches do not contain all of the above lines. 
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of eqaal parts is equal to the above extent. Then the transrene t 
distance between 1 and 1 will be one ninth of the given line. 

2. It is proposed to represent a field 140 poles in length, on a {dan 
that shall be just 6 inches in its greatest extent. If we make the 
transverse distance on the lines of equal parts between 7 and 7t or 
70 and 70, equal to half of 6 inches, we shall have in the transverse 
distances between corresponding numbers on these linest a scale of 
equal parts of the required magnitude. 

It is evident, moreover, from the nature of similar triangles, that 
many other questions may be solved by the above lines, as the finding 
of third proportionals, fourth proportionals, mean proportionals, d^s. 
{Geom. 237, &c.). 

By means of the lines of chords, sines, tangents, and secants, we 
may form scales adapted to any radius less than the length of the 
sector when open. If it were required for example, to measure the 
Fig. 21, arc of a circle already drawn, as AB {Jig, 21), or to lay off any num- 
ber of degrees on this arc ; taking in the compasses, the radius of 
this arc z=z AC, and opening the sector till the length of this line ex- 
tends from 60 to 60 on the line of chords, or from 90 to 90 on the 
line of sines, or from 45 to 45 on the line of tangents (each requir- 
ing the same opening), we shall have a scale of each of these lines 
adapted to the radius of the given arc, and the number of degrees in 
AB is found, by applying the chord of AB to the line of chords, or 
the sine of ^jB = jBP, to the line of sines, or the tangent of AB s: 
AB\ to the line of tangents ; also any number of degrees may be laid 
off on AB by means of the same lines. 

In using the line of chords, if the arc to be measured or to be laid 
off, exceed 60<^, we may first measure or lay off 60^, and then the 
remainder ; if it exceed 120^, we may take 60^ twice, and proceed 
with the remainder as with an original arc of this magnitude. 

If we have occasion to employ a tangent of more than 45^, we 
make use of the second line of tangents, the radius of whioh b one 
fourth of that of the first, and equal to that of the line of secants. 

Suppose it were required to make a stereographic projection of the 
sphere upon the plane of the meridian, similar to figure 14, the radios 
of the primitive being given equal to two inches. We open the sector 
till the transverse distance between and on the line of secants, 
or between 45 and 45 on the second line of tangents, is equal to two 
inches. We then take for the radii of the several meridians to be 



t An extent from one point to another point on the same line is called a lateral 
distance, and the extent between two corresponding points of lines o# the same 
kind is called a trajisverse distance. 
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projected, the secants of their inclinations respectively, and for the 
distance of their centres from the centre of the primitive, the tangents 
of these same inclinations, and in projecting the parallels of latitude, 
'we take for their radii the tangents of their polar distances, and for 
the distance of their centres, the secants of these same distances. 

The line of polygons is a line of chords of }, ], ^, &c., part of 
960^* It is used to inscribe a regular polygon in a circle. Let it be 
proposed, for example, to inscribe in a given circle a regular polygon 
of 8 sides. Open the sector till the transverse distance between 6 
and 6, (answering to the chord of 60^ on the two lines), is equal to 
the given radius, then the transverse distance between 8 and 8 will 
be the chord of the 8th part of the given circle, or the side of an in- 
scribed octagon. In like manner a polygon of any other number of 
ndes not exceeding 12, may be inscribed in a circle whose radius is 
known. 

So also when the polygon to be constructed has one side given, by 
reversing the above process, we can find the radius of the circle in 
which this line can be inscribed the given number of times. Take 
the given line in the compasses, and open the sector till the trans- 
verse distance between 5 and 5, for example, if the required figure be 
a pentagon, be equal to this extent ; then the distance between 6 and 
6 will be the radius of a circle, in which the given line will make one 
ride of a regular inscribed pentagon. 

Of Gunter^s Scale, 

Guntcr's scale, commonly of two feet in length, contains on one 
side the lines of the plane scale, already described, and on the other 
corresponding logarithmic lines f . 

The line of numbers marked Num. or N., on which most of the 
others depend, is constructed thus. Let a line, equal to half the 
length of the proposed scale, be divided into 1000 equal parts ; then, 
since the logarithm of 1 is 0, the distance of I from the beginning of 
the line is 0, that is, 1 ^stands at the beginning of the lino. And, 
because the logarithm of 2 is 0,301, when the logarithm of 10 is 1, 
or, which is the same thing, the logarithm of 2 is 301, when the log- 
arithm of 10 is 1000. Therefore the distance between I and 2 is 
301 equal parts of the above scale. For the logarithm of 3 we take 
477 of the same parts, and set it from 1 to 3 ; for tlie logarithm of 4, 



t There are nsuallj leTeral of these lines on the ■mall iicalef of nix inrAi^n, 
namely, the line of nombers, and thoee of lineg and tangent*. 
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602 parts, and so on, the numbers being taken irom a Gommon table 
of logarithms, but extending only to three places instead of five or 
seven. The primary divisions being thus formed, the intermediate 
divisions are obtained in a similar manner, by taking the logarithms 
of the intermediate numbers. Thus the logarithm of 1,1 is 41, the 
logarithm of 1,2 is 79, and so on. These numbers being set off in 
order from 1 will divide the primary division into ten parts. The 
other primary divisions are subdivided in a similar manner. 

The line of sines is constructed by taking from the same scale of 
equal parts, the arithmetical complements of the logarithmic sines, as 
found in the common table, and setting them off from 90 backward 
or toward the lefl hand. A similar method is observed in the con- 
struction of the other lines. 

There is moreover a line of meridional parts, marked Mer. or If., 
placed directly over a line of equal parts with which it is used. The 
line of equal parts is numbered 0, 10, 20, &;c., from the right hand 
to the lefl. Each of these large divisions represents 10 degrees of the 
equator, or 600 nautical miles. The first of these divisions is some- 
times divided into 40 equal parts, each representing 15 miles, or 15'. 

This line is constructed thus. Take the meridional parts corres- 
ponding to the several degrees of latitude from a table of meridional 
parts, and reduce them to degrees by dividing by 60. Take the quo- 
tients thus obtained, from the scale of equal parts, connected with the 
line to be constructed, and set them on this line from the right hand 
toward the lefl. 

The extent from the brass pin on the line of meridional parts to 
any division on this line, applied to the line of equal parts, will give 
in degrees, the meridional parts answering to the latitude of that 
division. The extent from one division to another on the line of 
meridional parts, applied to the line of equal parts, will give the me- 
ridional difference of latitude between the two places denoted by the 
two divisions. This meridional difference is reduced to leagues by 
multiplying by 20, or to miles by multiplying by 60. 

Problems in trigonometry may be solved by the double lines of the 

Fig. 28. sector. Thus, in the question of art. 49 {Jig. 28), having the angle 

D — 3IO, and DAB = 15°, and the side DB nr 100 yards, we take 

half t of 100 on the line of lines, and open the sector till this extent 

shall reach from 15° to 15^ on the lines of sines, then the sine of 



t There are many cases in which it is convenient to take a certain part of the 
given side or sides, which need occasion no embarrassment, since all the sides 
maybe considered a& diminished m the some proportion without altenng the 
angles ( Geom. 205.) 
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31°, taken as a transverse distance and applied to the same scale of 
lines, will give half of AB = 99j. Open the sector till the distance 
99j shall extend from 90° to 90° on the lines of sines, and the sine 
of 46°, taken as a transverse distance and applied to the line of lines, 
will give 71 J, the double of which, 143, is the height required AC, 

It will be readily seen that the above operation amounts to a geo- 
metrical construction, in which one of the sides is made the sine of 
its opposite angle. 

A similar result may be obtained by logarithms, taken from the 
tables (49), or by the logarithmic lines on Gunter's scale. 

Corresponding to the geometrical proportion, or proportion by quo- 
tients, 

sin 150 : sin 31^ : : 100 : 199, 
we have the arithmetical proportion, or equidifference, 

log. sin 150 . log. sin 31° : : log. 100 . log. 199. 

Accordingly, if we apply the compasses on the line of logarithmic 
sines from 15° to 31°, this extent will reach on the line of numbers 
from 100 to the term sought, 199. 

In like manner for the second solution of the article above referred 
to, the extent from 90° to 46° on the line of logarithmic sines, will 
reach from 199 to 143 on the line of numbers. 

It is hardly necessary to observe, that when the first extent is taken 
progressively, or from a less to a greater, the second is also to be 
taken progressively, and vice versa f. It is equally obvious, that, 
when the proportion happens to present itself in such a form that the 
first two terms are of a different nature, that is, one a side and the 
other an angle, and also the last two, the two middle terms may 
always be made to change places. Such a change is supposed in the 
second of the above examples. 

In the case of spherical triangles, the sides being expressed in de- 
grees as well as the angles, the four terras may all be considered as 
of the same kind, even though some are expressed by their tangents 
and others by their sines, it being observed always, where a cosine or 
cotangent occurs, to take the sine and tangent of the complement 
respectively. 

In the first problem of the chapter on nautical astronomy, if we 
open the compasses from 23° 68^ to 90°, or the extremity of radius, 
on the line of losarithmic sines, this extent will reach on the same 
line, and in the same direction, from 12^ 12' to 32° 03'. So also in 
the second problem, the portion of the line of tangents from 45° to 



t Repurd however is to be paid to the circnmgtance of the tangent beyond 
45^ being contiaoed back on the same line. 
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the tangent of the complement of 23^ 58', will extend from 12° 12' 
on the same line to a point opposite to 29^ 52' on the line of sines. 

We have indicated a method of solving plane triangles by-geomet- 
rical construction (78). Spherical triangles, in like manner, admit 
of being represented and of having their unknown parts determined 
independently of calculation. 

Fig. 60. From the manner in which .4 °f (j%. 50) is constructed, it will 
be observed, that the three given parts of jl°f Oi are such as they 
would appear to be to an eye situated in the surface of the sphere on 
which they are supposed to be delineated. Moreover the parts re- 
quired TO> T-4, are faithfully represented according to the same 
method of projection. Consequently, if from the point N or 8^ the 
poles of EQ, we draw straight lines through A and T, meeting the 
primitive, the arc of the primitive, thus intercepted, will be the true 
measure of AY (30). The number of degrees in T© is found in 
a similar manner. 

The same rule will apply where the required side is a portion of 

Fig. 57. an oblique circle, as n C [Jig» 57), that is, we first find the pole P, 
of the oblique circle n C m t, and from this point we draw lines 
through the extremities of the required arc to the primitive, and the 
number of degrees, thus intercepted, will be the measure sought. 

If the required part be an angle, we have only to draw from the 
vertex of this angle through the poles of the containing sides, two 
straight lines meeting the primitive, and the arc thus intercepted will 
be the measure of the proposed angle. 



II. 



Instruments for measuring Lengths, 

1. The instrument most commonly used, for determining distances, 
especially in surveying, is the chain. It is ordinarily four rods, or 
twenty-two yards in length, and is divided into one hundred links. 
Each link therefore is f*/^ of a yard, y%^ of a foot, or 7,92 inches. 

t The projected pole P of any oblique circle n Cm is always in ^G drawn at 
right angles to nm, and its distance cpp from c|p, the centre of the primitive, is 
equal to the tangent of half the distance of its pole from the pole of the primitive, 
or, which is the same thing, half the inclination of the oblique circle to the 
primitive (12) ; hence, if a straight line n V, be drawn meeting the primitive in 
L, and from L we take LM equal to 90° the line joining n, M, will pass through 
P, the pole of n Cm. 
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The manner of using the chain is very obvious. Ten small ar- 
rows being provided, two persons called the leader and the follower^ 
apply the chain successively along the line to be measured, the leader 
putting down an arrow at the termination of each chain's length, 
which is taken up by the follower, being employed both as a mark for 
placing the chain, and as a tally to show the number of times it is in 
any required distance. One or more pickets or station-staves are set 
up as a guide to the chain-men to prevent any lateral deviation from 
a direct course. In surveying, an allowance is made for the oblique 
position of lines to the horizon, especially where the inclination is 
considerable. 

Where great accuracy is required, distances are often measured in 
yards, or in feet and inches. In this case graduated rods, or poles, or 
measuring tapes are used. In levelling, two staves {Jig* 99) are em- Fig* 99. 
ployed, divided into inches and tenths, each staff consisting of two 
pieces that slide the one upon the other, so as to ride to the height of 
ten or twelve feet when extended. A signal or target, having a 
white stripe upon a black ground, to render it conspicuous at a dis- 
tance, is attached to each staff in such a manner as to adhere to any 
part of its length, and thus to point out the elevation of the horizon- 
tal line, or line of sight of the levelling instrument above the ground. 

Extensive routes are often measured by means of a wheel {Jig, 100) Fig.lOO. 
one half of a rod in circumference, so connected with a dial by me- 
chanism, that the number of miles, furlongs, &c., are shown by in- 
dexes. It is sometimes attached to carriages^ and is very convenient 
for measuring roads and lines of great extent, but is not generally so 
accurate as the chain. It is called a perambulator or way wiser. 

Distances in navigation are estimated by the log (Jig, 101.) This Fig.lOl. 
instrument consists of a line attached to a thin sectoral piece of wood 
of about four or five inches radius. By means of a strip of lead fast- 
ened to the arc, it is made to float in a vertical position about two 
thirds being immersed in the water. Upon being thrown into the sea, 
therefore, while the ship is under weigh, it will remain nearly station- 
ary, and the quantity of line drawn freely from a reel on which it is 
wound, will show how far the ship has sailed during the time employ- 
ed in this experiment. It is usual to take half a minute as measured 
by a half minute glass. The length of line run off in this time, mul- 
tiplied by 120, will accordingly give the rate per hour, on the suppo- 
sition that the motion has been uniform. But instead of proceeding 
thus, the practice of seamen is to divide the line into portions called 
knotSj that bear the same proportion to a nautical mile that a half 
minute bears to an hour. Then the number of these knots run off in a 
half minute will show directly the rate of the ship's sailing per hour. 
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III. 



Of the Levelling Instrument and Instruments for measuring Angles* 

1. The essential part of the most approved instruments employed 
in levelling, is a glass tube, filled with ether or spirits of wine, except 
a small portion containing air. The bore of the tube being straight 
or very slightly curved upward, it is obvious that the bubble of air, on 
account of its tendency to the highest point, will remain in the middle 
only when the two ends of the tube are on a level. If therefore a 
pair of sights, or small holes in a brass plate, be made to range on a , 
line parallel to the two ends of a spirit-level, constructed as above 
described, it is evident that these sights will be horizontal, when the 
air-bubble occupies the middle of the tube. Instead of plain sights, 
a small telescope, a foot and a half or two feet in length, is often em- 
ployed. This enables the observer to see to a greater distance and 
with more distinctness. 

The use of the levelling instrument is very simple. Being adjust- 
ed, and the levelling staves being placed, one on each side by two 
assistants, in the direction of the route where the difference of level 
Fig.102. ^ ^^ ^6 found {^g> 102), the instrument is successively turned to 
each of the levelling staves, and the distance of the line of apparent 
level, from the ground in each direction noted in two columns under 
the title of fore and back observations. The instrument with the back 
staff is now moved forward, the fore staff remaining, and the same 
process is repeated successively, till the extreme parts of the proposed 
route are connected together. Then the difference between the sum 
of the fore observations and that of the back observations will be the 
difference of level required nearly. 

It will be perceived that, in the foregoing method, if the instru- 
ment be nearly in the middle between the two levelling staves at each 
station, no correction is necessary for refraction, or for the curvature 
of the earth's surface, since the error in one direction compensates 
for the error in the other. Where great accuracy is required or 
where there is a great difference on the whole between the fore and 
back distances, from the instrument to the levelling staves, it becomes 
necessary to measure these distances and to apply a correction for the 
inequality. 
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^^^ , * 

2. The mariner's compass ( Jig, 103) is used to trace a route through Fig. 103. 
a wood, and to find the bearings of roads, the boundaries of fields, 

d&c. ; but it is particularly important in navigation, as it serves to in- 
dicate the course of a ship in the readiest and most convenient man- 
ner without the aid of the sun or stars. It consists principally of a 
magnetic needle attached to a circular card, the circumference of 
which is divided into 32 equal parts called points, and each point is 
subdivided into four parts called quarters. The line on which a ship 
sails as indicated by the compass, is called a rhumb line, and its 
position is denoted by the angle which it makes with the meridian, 
expressed ordinarily in points and quarter points, but which may also 
be expressed in degrees and minutes, by allowing 1 1<^ 15Mo a point, 
and using the same proportion for a smaller quantity. 

The denominations for the several points of the compass, in an ab- 
breviated form may be seen in the figure. 

It is to be carefully observed that the magnetic needle does not 
point exactly north and south, except in certain particular places. 
Allowance therefore is to be made in almost all cases for this devia- 
tion, called the variation or declination of the magnetic needle, and 
this allowance is different in different places, and at different times in 
the same place. It has been ascertained by observation in the most 
frequented parts of the earth, and put down in charts for the use of 
seamen, and the change from year to year is for the most part not so 
great as to require to be attended to, till afler the lapse of a consider- 
able period. 

3. A theodolite (Jig. 104) contains, beside a compass, a horizontal Fig.104. 
circle and a vertical arc, each divided so as to treasure degrees and 
minutes. It is also provided with telescopic sights and a spirit-level 

for the proper adjustment of the above graduated limbs, and is thus 
capable of being used as a levelling instrument It is particularly 
adapted to measure the angles used in surveying, and in the mensu- 
ration of heights and distances, and is occasionally employed for astro- 
nomical purposes. 

If we suppose an instrument, supported like the above, and provid- 
ed only with a magnetic needle, a pair of plain sights, and a horizon- 
tal arch of 180°, this would be a semicircle. It is often used in sur- 
veying. 

If the instrument have only a pair of sights and a compass box, 
divided into degrees, as well as into points, &c., it will still answer 
the purpose of measuring angles in a field. We have only in this 
case to determine the bearing of each of the sides containing the re- 
quired angle, and to subtract the less from the greater. The differ- 
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ence will obviously be the angle sought. An instrument so con- 
structed is called a circumferentor, 
Fig.105. Sometimes a simple table {Jig> 105), covered with a sheet of paper, 
is placed successively at the several corners of a field, and by means 
of a rule supporting two sights, the actual angles are laid down upon 
the paper, and a plan of the field is drawn on the spot. This is called 
a plain table. It is usually provided with a magnetic needle and a 
scale of equal parts. 

4. The quadrant of reflection, commonly called Hadley's quadrant j 
represented in figure 106, is fitted to measure not only horizontal and 
vertical angles, but such as have their planes inclined in any manner 
whatever to the horizon. It is particularly useful at sea, where the 
motion of the ship prevents the use of instruments in which the 
plumb-line, or spirit-level are employed. The angular distance be- 
tween two objects, as between the sun's limb and the horizon, be- 
tween two stars, or between two station-staves on the surface of the 
earth, is determined in the following manner. The instrument is so 
constructed, by means of two mirrors a, b, one of which is attached 
to the moveable index /, as to admit of the observer's seeing one of 
the given objects, the sun's lower limb for instance, directly and by 
reflection, at the same time. If now, the image and object thus 
coinciding, the index, carrying one of the mirrors, bo moved forward, 
till the image of the sun's limb be brought to the horizon, or surfaee 
of the sea, the arc described by the index, according to a well known 
principle in optics, will be just half the arc described by the reflected 
image. We have only therefore to double the above arc, described 
by the index, or, which comes to the same thing, in the graduation 
of the arc A, B, to call half degrees degrees, &c., and then the an- 
gle may be read off* in the usual way. An eighth part of a circle is 
thus made to measure ninety degrees, and where there is occasion to 
measure a larger angle, as in taking the distance of the moon from 
the sun or a star, for the purpose of finding the longitude, the gradu- 
ated limb is extended to sixty degrees, and is accordingly adapted to 
the measurement of angles of one hundred and twenty degrees. So 
constructed, the instrument is called a sextant. It is usually made 
with more care than the quadrant, and furnished with telescopic 
sights, and with magnifiers for reading off" the divisions. 

The sextant is sometimes made with a radius of only two or three 
inches, to be used in surveying and engineering, instead of the less 
portable instruments above described. It is usually enclosed in a 
box, and called a box or pocket sextant. 

Finally, the graduated arc is enlarged to an entire circumference, 
and the mirrors so disposed as to admit of the measurement of the 
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angle being repeated continually ; then the sum of all the angles 
being divided by the number of observations, we obtain a result more 
to be relied on, than a single observation, since it is in a degree freed 
from certain errors in the construction and adjustment of the instru- 
ment that have hitherto been found unavoidable. 

We have attempted to give the learner only some general notion of 
the leading properties of the foregoing instruments. More may be 
learned by a few minutes' actual inspection, than by the most extend- 
ed and laboured description. The more minute details relating to 
the history of these inventions, their construction, adjustment, and 
use, are lefl to the teacher, who, with the aid of the instrument itself 
instead of a drawing, will be much better able to give the necessary 
information. 



IV. 

Investigation of the Expressions for the Sine and Cosine of an Arc 

made use of in article 179. 

Radius being supposed equal to 1, we have the equation 
cos A^ + sin -4^ = 1, the first member of which may be regarded as 
the product of the two imaginary factors cos A -|- -v/^^ sin A and 
cop ^ — ^ — 1 sin A. If we multiply together the two similar fac- 
tors cos A -|- x/ — 1 sin A, cos B -|- \/^^ sin B, the product will be 
cos A cos B — sin -4 sin B -|- (sin A cos B -{-sin B cos A) \/^^^. 
This reduces itself to the form 

• cos {A + B) + ^/ITl sin {A + B), 
Which is similar to each of the factors. We have, therefore, as a 
general result 

(cos A -|- %/^ sin A) (cos B -|- ^/HT sin B) = cos (il -|- B) 

+ ^/=n[ sin (il + £) ; 

and it is remarkable that quantities of this kind are multiplied together 
by simply adding the arcs, which is a property analogous to that of 
logarithms. Whence 

(cos A -j- ^ — 1 sin A){coaA'\-^^^ sin A) = cos 2^+^111 sin 2A 
(cos^ + x/^ sin^)(cos2^+^IIT sin2^)= cos3^-(-^^sin 3-4 
(cos A -|- ^31 sin-4)(cos3-4-j-^IIa sin34.)=: cos4-4-|-^^ sin 4-4 
&c. 
The first product is equal to (cos A -j- \/^ sin A)^, the second to 
[cos A -(- -v/^ sin -4)^, and so on. Therefore, in general, n being 
3qual to any entire number whatever, we have 

(cos A -|- V'^ sin -4)" = cos n -4 + ^^ sin 
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from which is derived, by changing the sign of \/^, 

(cos A — \/^ sin Ay- = cos nA — \/^ sin n A, 

From these two equations, which are a consequence the one of the 

other, we deduce the separate values of sin n A and cos n A ; thus, 

cos w -4 = (cos A + \/^ sin Ay — y/'^ sin n Ay 

cos n A=L (cos -4 — \/^ sin -4)* + \/^ sin n -4. 

Whence 

2 cos n -4 = (cos -4 -f- v'lll sin -4)« -(- (cos A — \/^ sin -4)* , 
or 
cos n ^ z= § (cos A + \/^ sin ^)* 4- j (cos -4 — \/^ sin A)* . 

In like manner we obtain 
2 v'-—! sin » -4 = (cos A + \/^ sin -4)* — (cos A — y/ — 1 sin 4)" 
or 

sin nAzzi (cos A +^111 sin -4)* — (cos.4 — -v/^ sin4)* . 

In order to express these same quantities in a series, it is nec-essary 
to develope, by the binomial formula, (cos A -J- -v/— 1 sin A)* , whick 
will give 

cos ^" -j- T <^os -4«-^ sin A y/^ T~c% (^^^ -4*-"2 gjn ^2 

n.n — l.n — 2 . 
= — jr — ;t cos A^-^ sm -43 v^ — 1 

,n.w — l.n — 2.W — 3 ■. . . -. .„ 

-| = — ^— - — ^^ cos il'*-^ sm -4^ +*4fc. 

This quantity being the value of cos n A-^- -v/-^ sin n A^ if we put 
the real part equal to cos hA, and the imaginary part to V^HI sin nil, 
we shall have cos nAz=z • 

cos i4 * -— —. cos ^»-*sm A^-] — — cos A*^ sm 4* 

— &c. Also by multiplying the same two equal expressions by 

^Hl, and putting their real part equal to sin n -4, and the imaginary 

part to -v/^ cos n A, we find 

A 71 . ,.*- n,n — l.n — 2 ^ ^. ^„.. 

sm n -4 = Y cos il*-^sin A — ^r — cos i4»-3 sm ^3 -I- &,c. 

By means of these series, the law of which will be easily perceived, 
the sine and cosine of an arc, the multiple of -4, may be obtained in 
a manner more expeditious than by the method heretofore given* 
(Triir. 11, &c.). 

These series admit of the form exhibited below, it being recollected 
that sin ^ = cos ^ tang A ( Trig. 8). 

cos nA=: cos A^ — ^r— cos A^ tang A^ 

X • ^ 
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, n.n — l.n — 2.n — 3 ^ ^^ « 

-| z — r— jr — -z COS A* tang A^ — &c. 

= cos ^» (^1— ^-^ tang ^a+ -3-^-^-^— tang ^« - &c.) 
sm n il =z cos .4« ( - tang A — ^r— ^ tang A^ + &c. ) 

fjr 

Let n = — . Then, by substituting this value, still retaining the 

factor cos -4" , wc shall have cos x = 

>|w/i ^'^ — A.inngA^ix.x — A.x — 2-4.3^ — 3^ tang^l^ * \ 

^* V rr2 l2" 1.2.3 74 • ~A^ 7 

AA /^ tang A x,x — A.x — 2-4. tanj? -4^ , ^ \ 

«nx=cos4^(-.^_ Y72:T—- -i^ + ^V 

In these formulas A may be taken of any magnitude we please. 

Suppose A very small, and we shall have — j— but little diflFerent 

from unity, since the tangent of a very small arc is nearly equal to 

this arc. Still, while the arc is greater than 0, tang A^ A* or 

tang A ^ ^ , , . ^^.^••,^ tang A 

— ^T— <; 1 ; we have at the same time A > sm A** ; therefore — ^ — 

<" . . , or — T—<C 3* Whence it will be seen that the ratio 

^ sm -4 ^ ^ cos A 

— 2 — is always comprehended between the limits 1 and -^^ 

Let il = 0, and we have cos -4 = 1. Therefore, since — ^ — is 

A 

comprehended between 1 and ?, it follows that we must have 

cos A 

t ATI or A 

precisely — j — =: 1. Hence, by making J. = 0, the above formulas 

hecopae 

cosz 
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(2^ 2* X^ \ 

^-1—2 + 172374- 1. 2.3. 4.5.6 + ^"-; 

in X = cos A^ I aj — H — &c. 1 

V 1.2.3^1.2.3.4.5 J 

It remains to see what is the value of cos A* , when A diminishes 

more and more, till it finally becomes zero. Now we have 

» .. , « ■ »■■ ■ 

• .^B' (Jig. 21) is greater than AB, because the triangle is to the sector Fig.31. 
aCB \'. AB' y^ iAC '. AB y^ iAC : : AB* : AB (Geom. 290.) 

** AB is greater than BP, because the half of any arc is greater than half its 
thord (Geoi^. 283). 

Top. 1 9 
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1 

COSil* 

whence 



=: sec il« (Trig. 29) =: I + ting il«, 



COSil = 



(1 + tang ^) ' 
and accordingly 

«» ^" = (rH^«)5 = ^"-5 tang 4« + ?^^ tw« 4*-&6. 

Subcrtituting for n its value -j we have 

.. ^ X . tang^fi, a;.a; + 2il .^tangil* 

If now we suppose A to diminish more and more, x remaining the 
same, the value of cos A^ will approach nearer and nearer to unity, 

till upon making ^ =: 0^ and — J — = 1, we shall obtain exactly cob 

J." = 1. We have therefore the following formulas ; 

""^ = ''-1-^-3+1.2.3.4.5-*^ 

which, when x = - become 

r 

a c^ a^ 

cos - = 1 — ^r-T + ^ ,. . . — &c. 

r 2 r^ ' 2 . 3 . 4 H 

sin - = o~Q-l + ^^• 

r r 2 . 3r3 ' 

iSfee Legendre's Trig, art. xxzii. 



APPENDIX 



CONTAINING LOGARITHMIC AND OTHER TABLES. 



TabWjof Meridional Parti. 

The construction and use of this table have been already explained 

r (K, 71 ). It is only necessary to observe, therefore, that the degrees 

ad minutes of any given latitude being found in the two first col- 

nmns, we shall have on the same line in the column marked Leng. 

the length of the corresponding line on M ercator's chart. 

Table of Astronomical Refractions. 

This table contains the mean astronomical refractions for every 
degree of altitude or zenith distance, with the corresponding varia- 
tions for ^^ of an inch of the barometer, and 20° of Fahrenheit's 
thermometer. The following example will sufficiently illustrate the 
use of this table, it being recollected that the refraction is increased 
by cold and by greater density, and diminished by heat and by greater 
nrity. Let the refi^action be required, when the zenith distance or 
complement of the altitude is 25^ 2(y and the barometer at 29,6, and 
{"Ahrenheit's thermometer at 60^. The refraction corresponding to 
25o ac is 27",0. The variation for ^^ of an inch of the barometer, 
w 0",8 ; and therefore the variation for ^ will be — 0",4, with the 
sign — ^, since the. barometer is lower than in the Table. The varia- 
tion for 20° of Fahrenheit is T'jS ; and therefore the variation for 5^ is 
'\' 0'',3, with the sign -|-, since the thermometer is higher than in the 
Table. The refraction consequenUy is 27",0 — 0", 4 -|- 0",3 = 26",9. 

Table of Natural Sines. 

Thi% table contains the natural sine and cosine of every minute of 
the quadrant, constructed according to the methods furnished by trig- 
onometry (Trig. 20), radius being 100000. 
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It is evident that these numbers may be readily adi^ted to any 
other radius. By supposing, for instance, a radius equal to 1, or one 
hundred thousandth part of the radius of the tables^ we have only to 
reduce the numbers expressing the sines and cosines in the same pro- 
portion^ that is, to divide them by 1 00000, or to separate the five right 
hand figures for decimals^ and we have the value of the sines and 
coaines belonging to a circle whose radius is unity. 

It will be seen that the same column is marked at one extremity ^ 
N. sine and at the other iV. cos. This is done for the sake of abbr^ 
viating the table. Every number, which expresses the sine of an 
arc, denoting also the cosine of its complement, it would be super- 
fluous to repeat these numbers for the sole purpose of keeping the 
sines and cosines distinct It will be observed therefore Uiat the de- 
nominations at the tops of the cplumns correspond to the degrees at 
the top, taken in connexion with the minutes on the left ; and that 
the denominations at the bottoms of the columns correspond to the 
degrees at the bottom, taken in connexion with the minutes on the 
right. 

Table of the Logarithms of Numbers, 

1. The theory of logarithms and the method of obtaining them have 
been the subject of consideration {Alg. 238). It only remains there- 
fore to point out the practical application of them to the solution of 
questions. 

The tables here employed contain the logarithms of numbers fit>m 
one to ten thousand. On the first page of the table the column of 
numbers, marked iV, extends from 1 to 100, and against them in the 
same line on the right, are the entire logarithms, marked Log. 
Throughout the rest of the table only the fi'actional part of the logsr 
rithm is put down, as the integral part, or char<uteristic^ may be 
readily supplied, it being recollected that it always contains as many 
units wanting one as there are figures in the given number {Alg. 245). 

2. If the number whose logarithm is sought be between IDO and 
1000, it is to be looked for in the first column of the table entitled 
No.y and the fractional part of the corresponding logarithm will be 
found on the same line in the second column. Of numbers between 
1000 and 1 0000 the three first figures are to be sought in the first col- 
umn, and the fourth figure in the upper line but one, and the corre- 
sponding logarithm will be found on the line of the three first figures 
and directly under the fourth. 

3. If the given number exceed 10000, consider the first fonr^fig^ 
ures on the left as a whole number, and the remaining figures as 
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decimals. Fiad the logarithm of the number so reduced^ by using a 
proportion for the decimal part, and then restore the original value 
of the given number, bj adding to the characteristic as many units 
as there are figures in the part cut off for decimals. Thus, to find 
the logarithm of 21598, for instance, I separate by a comma the four 
first figures on the left, which gives 2159,8. The log. of this number 
will consequently fall between the log. of 2159 or 3,33425, and that 
of 2160 or 3,33445. Now the difference between the logarithms of 
these two numbers is 0,00020. Consequently, 

1 : 0,00020: : 0,8 : 0,000 ICf. 

Accordingly, if we add 0,00016 to 3,33426, the log. of 2159, we 
shall have the log of 2159,8 equal to 3,33441. But the given number 
is 21598 or 2159,8 X 10 ; we have therefore 

log. 21598 = log. (2159,8 X 10) = 3,33441 + 1 = 4,33441 ; 

Whence the reason of the rule is evident. 

4. To obtain the log. of a fractional number greater than unity, 
subtract the log. of the denominator from that of the numerator, and 
the remainder will express the log. required. Thus, 

log. 3^A9 = 3,55011 — 1,39794 = 2,15217. 

log. 7f} = log. \\ = 1,90849 — 1,04139 = 0, 86710. 

5. The log. of a fraction less than unity is susceptible of two dif- 
ferent forms. If it is desired that the log. should be entirely nega- 
tive, subtract the log. of the numerator from that of the denominator, 
and the remainder affected with the sign — , will be the logarithm 
sought. Accordingly we have 

Jog- rfl7 = — (3,55011 — 1,39794) = — 2,15217. 
Indeed the fraction aff 9^ may be considered as the quotient arising 
from the division of 1 by 3|^|* ; therefore, since the log. of a quotient 
is equal to the log. of the dividend minus the log. of the divisor, we 
have 

lOg.^H^. = l0g.l — log. 3^A9 
=: — log. 3||9 

= _ log. 3||9_. _ (3,55011 — 1,39794=1—2,15217. 

6. If the characteristic only is required to be negative, add as many 
units to the log. of the numerator, as will suffice for subtracting the 
log. of the denominator from it ; perform this subtraction, and the 
decimal part of the remainder with a negative characteristic prefixed 
equal to the difference between the units of the remainder and the 
units added to render the subtraction possible, will be the log. sought. 
If we add, in the above example, 7 units to the log. of 25 or 1,39794, 
we shall have 8,39794. Subtracting from this the log; of 3549, or 
3,55011, we, obtain for a remainder 4,84783. The decimal part of 
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which 0,84783, with a oharacteristio 3, equal to the difierenoe be- 
tween the foar units of the remainder and the 7 units added to make 
the subtraction possible, Will be the required log., the cbaracteristie 
of Which only is negative. Logarithms of this kind are distiagoiriied. 
^ placing the sign — over the figure to be affected bj it, thus 
3,84783. 

The reason of the process here pursued will be easily perceiFsd. 
Since the log. of a fraction is equal to the log. of the numerator 
minus the log. of the denominator^ if we add a number of units to the 
}og. of the numerator, the remainder will be just so much top greit, 
and is accordingly to be diminished by the number of units added ; 
that is, in the above example, 4 is to be diminished by 7 ; but we can 
actually take away only 4, and we indicate the remaining deductioa 
by the expression — 3, according to the ordinary use of .the figs 
minus. We should evidently arrive at the same result by adding uj 
other number of units to the log. of the numerator. 

7. The log. of a decimal number, either greater or less than unitj, 
might be obtained by finding the log. of its equivalent vulgar firactido. 
But it is more convenient to cerate directly with the decimal nam- 
ber, according to the following rules. 

In the case of a decimal number greater than unity, suppose the 
decimal point removed, and proceed to find the log. of the entire ez« 
pression considered as a whole number. Then diminish the charao- 
teristio by as many units, as the proposed number contained decimal 
figures, and the result will be the log. required. Thus, 



log. 21,598 == log. 



21598 
1000 



= 4,33441 — 3 = 1,33441. 



This is agiPeeable to what has just been shown. See also Alg. 246." 
8. The log. of a decimal number less than unity admits of two 

■ 

forms. If it is required to be entirely negative, the decimal point 
being suppressed, find the logarithm of the given number, ccmsidered 
as a whole number, and subtract it fi'om as many units as there are 
figures in the given decimal. Thus, 

456 



log. 0,000456 = log. 



1000000 



= 2,65896 — 6 = — 3,34104. 



9. If it were proposed that the characteristic only should be nega- 
tive, find the log. of the given number, considered as a whole number, 
and the decimal part of this log. with a negative characteristic pre- 
fixed, equal to the number of ciphers which precede the first signifi- 
cant figure of the given decimal, will be the log. sought. Thus, 

456 



log. 0,000456 = log. 



1000000 



= 2,65896 — 6 = 4,65896. 
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10. Having pointed out the method of obtaining from the table the 
log. of any given number, we proceed to shov/ how to find the num- 
ber answering to any given log. 

If the given log. is in the table, in which case the characteristic is 
0, J, 3, or 3, the corresponding number, the characteristic being less 
than 3y will be found on the same line in the column marked No. 
If the characteristic exceed 3, the three first figures of the correspond- 
ing number will be in the column marked No. and the fourth in the 
upper line but one directly over the givon log. Thus the number 
belonging to the log. 3,56573 is 3679. 

11. If the decimal part of the given log., the characteristic for 
instance being 3, cannot be found in the table, take the two loga- 
rithms, which are next greater and next less, and^ we shall have the 
proportion, as the difference of these two logarithms is to the differ- 
ence of the corresponding numbers, so is the difference between the 
given log. and that which is nearest to it in the table, to the corres- 
ponding numerical difference. This numerical difference being add- 
ed to the number belonging to the above nearest log. or subtracted 
firom it, according as the nearest log. is greater or less than the given 
log. we shall obtain the number sought. 

The given log. we instance being 3,33441, the next greater log. 
found in the table is 3,33445, and the next less 3,33425, the differ- 
ence of which is 0,00020 ; the difference of the corresponding num- 
bers is 1, and the difference between the given log. 3,33441 and the 
one in the table nearest to it in value 3,33445, is 0,00004. Whence 

0,00020 : I : : 0,00004 : 0,2. 

Accordingly, the nearest log. being greater than the given log., if we 
subtract 0,2 from the number 2160, belonging to the nearest log. 
3,33445, we shall have 2159,8 for the number answering to the given 
log. 3,33441. 

12. If the characteristic of the given log. be more than 3, subtract 
from it its excess above 3, and find, by one of the above rules, the 
number answering to the remainder ; if this number be entire, annex 
as many ciphers as there were units subtracted from the characteris- 
tic ; if the number be decimal, remove the decimal point as many 
figures to the right as there were units subtracted fi'om the character- 
istic ; the result in each case will be the number answering to the 
given log. 

Let the given log.be 7^56573; subtracting 4 from the character- 
istic we have for the remainder 3,56573, the number corresponding to 
which is 3679. Four ciphers being annexed to this, gives 36790000 
for the number belonging to the log. 7,56573. The reason may be 
briefly shown, thusi 
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36790000 zzz 3679 X 10000, 
log. 36790000 = log. 3079 + log. 10000 

= 3,56573 + 4 + 7,56573. 
Let the given log. be 5,33441 ; 2 being subtracted from the cW 
acteristic leaves 3,33441, corresponding to which we have the nombff 
2159,8 ; the decimal point being removed two places gives 215581 
for the number answering to the log. 5,33441. 

13. When the given log. is wholly negative, subtract it from i 
number of units greater than the characteristic, and the number aiH 
swering to this remainder, with as many ciphers prefixed as there an 
units in the characteristic of the given log., will be the decimal frac- 
tion to which the given log. belongs. 

Let the given log. be — 5,34104 ; subtracting this from 8 for in- 
stance, we shall have for a remainder 2,65896, which answer to tin 
number 456 ; prefixing 5 ciphers we obtain 0,00000456 as the nuD- 
ber corresponding to the log. — 5,34104. 
The reason may be shown thus, 

0,00000456 = 456 X 0,00000001 
and log. (456 X 0,00000001) = 2,65896 + log, 0,00000001 

= 2,65896 — 8 
= — 5,34104. 

14. If the characteristic only of the given log. be negative, add a 
number of units greater than this characteristic, and the number be- 
longing to the log. thus obtained with as many ciphers, wanting onet 
as there are units in the negative characteristic, will be the decimal - 
fraction answering to the given log. 

Let the given log. be 6,65896. Adding 8 to this, we have for the 
sum 2,65896, to which the corresponding number is 456. Five 
ciphers being prefixed, gives 0,00000456 for the number required, 
appertaining to the log. 6,65896. 

The reason of tlie above process will appear from what is said 
above ; since 2,65896 — 8 becomes 6,65896, instead of — 5,34104, 
when the fractional part is considered as positive, and the character- 
istic only is required to be negative. 

15. It will be remarked that where a log. either wholly or in part 
negative is changed to one that is positive by the addition of a larger 
positive characteristic, the resulting log. so obtained may be made to 
have for its characteristic 0, 1, 2, 3, &c. at pleasure, and it is not 
always indifferent which of these be employed. 

If it were proposed, for example, to find the product of 2,745 mtd- 
plied by 20,01, we should take the sum of the log. of these two fac- 
tors, thus, 
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log. 2,745 + log. 20,01 = 0,43854 + 1,30125 z= 1,73979. 

If we seek directly the number to which this log. belongs, we shall 
obtain for the required product 54,92848. But the true product is 
64,92745. The error, therefore, in this case is 103 hundred thou- 
nndths. If now we add two to the characteristic of the above log., 
we shall find for the corresponding number 5492,750, which, being 
one hundred times too great on account of the abo?e addition, will 
give for the required product 54,92750. The error, therefore, is re- 
duced by employing a larger characteristic, from 103 hundred thou- 
- sandths to 5 hundred thousandths. By always employing the charac- 
teristic 3, which need occasion no perplexity, we shall arrive at the 
most correct results of which these tables are susceptible. We may 
always rely upon the exactness of the four first figures on the left. 
When this degree of approximation is not sufficient, we must have 
recourse to more extended tables. 



Of the Table of Log. Sines, Tangents, and Secantsf. 

1. To obtain the logarithmic sine, tangent, or secant correspond- 
ing to any number of degrees and minutes, find the given degrees at 
the top of the page, except this ji umber fall between 45° and 135®, 
in which case they are to be sought at the bottom, the minutes being 
found in the column marked M, which stands on the side of the page 
on which the degrees are marked. Thus, if the degrees are less than 
45, the minutes are to be found in the left hand column, and it must 
be noted, that if the degrees are found at the top, the names of hour, 
sine, cosine, tangent, &c., must also be found, at the top. If the 
degrees are found at the bottom, the names, sine, cosine, &c. must 
also be found at the bottom. Then opposite to the number of min- 
utes will be found the log. sine, log. secant, &c. in the column mark- 
ed sine, secant, &c. respectively. 

If the log. sine of 28^ 37', for example, were required, we should 
find 28^ at the top of the page, and directly below it in the left hand 
column 37^ against which, in the column marked sine, is 9,68089 the 
log. sought. 

The logarithms secant of 126^ 20' being required, we find 126^ at 
the bottom of the page, and directly above it in the left hand column 

t It will be observed, that if a table of natural sines, cosines, &c. be computed 
to a radius of 10000000000, and the logarithms of these numbers be calculated 
like the logarithms of any other numbers, they would form a table like that 
above referred to, in which the log. of radius is 10,00060. 

Top. 20 
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20', against which, in the column marked secant, is lOySSTKS, the 
\og, sought. 

2. To obtain .the log. sine, cosine, d&c. for degrees, minutes, and 
seconds, we find the log. corresponding to the even minutes next 
above and below the given degrees and minutes, and take their dif- 
ference. Then as .1' or 60'^ is to the given seconds, so is the above 
difference, to the log. of the given seconds, which is to be added fo 
the log. corresponding to the less number of degrees and minutes, oi 
subtracted from it, according as this log. is less or greater than the 
other. 

The log. sine of 24° 16' 48", fof example, being required, we take 
the following two logarithms, namely, log. sine of 24^ 16' = 9,61382, 
and log. sine of 24^ 17' = 9,61411, the difference of whioh is 
0,00029; whence 

60' : 48 ' : : 0,00029 : 0,00023, 

which added to 9,61382, the log. sine of 24^ 16' gives 9,61405 for 
the log. sine of 24^ 16' 48". 

To find the log. secant of 105o 20' 16", we take the log. secant of 
1050 20' z= 10,57768, and the log. secant of 105° 21' = 10,57772, 
the difference of which is 46 ; whence 

60" : 16" : : 0,00046 : 0,00012, 

which being subtracted from the log. corresponding to the least num- 
ber of degrees and minutes, (since this is greater than the other) 
gives 10,57756 for the log. secant of 105° 20' 16". 

If the given seconds be J^, ^, i, or any other even parts of a minute, 
the like part may be taken of the difference of the logarithms and 
added or subtracted, according to the above rule. This may fre- 
quently be done by inspection. 

3. To obtain the degrees, minutes, and seconds corresponding to 
any given log. sine, cosine, &c. we find the two nearest numbers to 
the given log. sine, cosine, &;C., in the column marked sine, cosine, 
&c., respectively, one being greater and the other less, and take their 
difference ; we take also the difference between the given log. and 
the log. corresponding to the least number of degrees and minutes. 
Then the first of the above differences, is to the second, as 60'^ is to 
the number of seconds corresponding to the second difference, which 
being annexed to the smaller number of degrees and minutes^ before 
found, will give the quantity sought. 

Thus to find the degrees, minutes, and seconds (less than 99°), 
corresponding to the log. sine 9,61405, we take the two nearest loga- 
rithms with the corresponding degrees and minutes, namely, 



Table cf Log. Sines, Tangents, and Secants. 155 

Next less log. 9,61382 24^ 16' 

Next greater log. 9,61411 24^17' 

Difference 0,00029 1' 

We also take the difference between the given log. and the log. be- 
longing to the least number of degrees and minutes, namely, 0,00023. 
Then from the proportion 

0,00029 : 0,00023 : : 60 ' : 48 ' 

we have 48'' as the quantity to be annexed to 24° 16^ to make the 
entire number of degrees d&Ck, answering to the given log. sine 
9,61405. 

Preceding the table of the log. of numbers will be found a table 
containing the log. sines, tangents, and secants, to every point and 
quarter point of the compass. This differs from the table last ex- 
plained only in having the angles expressed in points and quarters of 
a point instead of degrees and minutes. 
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Astronomical Refractions, when the barometer is at 30,0 English 
inches, and FtAraihtit's thermometer at 65°, or vtken 
ter is at 39,6, and Fahrenheit's Thermometer at 50°. 
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40567 
40594 
40621 
40647 
40674 



92050 
92039 
92028 
92016 
92005 
91994 
91982 



91971 
91959 
91948 
91936 
91925 
91914 



91902 
91891 
91879 
91868 
91856 
91845 



91833 
91822 
91810 
91799 
91787 
91775 



91764 
91752 
91741 
91729 
91718 
91706 



91694 
91683 
91671 
91660 
91648 
91636 



91625 
91613 
91601 
91590 
91578 
91566 



91555 
91543 
91531 
91519 
91508 
91496 



91484 
91472 
91461 
91449 
91437 
91425 



91414 
91402 
91390 
91378 
91366 
91355 



Njune.iiN.cos. 






4067 

40700 

40727J 

40753 

40780 

40806 

40833] 



91355 
91313 
91331 
91319 
91307 
91295 
91283 



40860 
40886 
40913 
40939 
40966 
40992 



41019 
41045 
41072 
41098 
41125. 
41151 



91272 
91260 
91248 
91236 
91224 
91212 



41178 
41204 
41231 
41257 
41284 
41310 



41337 
41363 
41390 
41416 
41443 
41469 



41496 
41522 
41649 
41575 
41602 
41628 



416551 

41681 

41707 

41734 

41760 

41787 



41813 
41840 
41866 
41892 
41919 
41945 



91200 

91188 

91176 

911641 

91152 

911401 



91128 
91116 
91104 
91092 
91080 
91068 



91056 
91044 
91032 
91020 
91008 
90996 



90984 
90972 
90960 
90943 
90936 
90924 



90911 
90899 
90887 
90875 
90863 
90861 



90839 
90826 
90814 
90802 
90790 
90778 



41972 
41998 
42024 
42051 
42077 
42104 



421301 
42156 
42183 
42209 
42235 
42262 



90766 
90753 
90741 
90729 
90717 
90704 



90692 
90680 
90668 
90665 
90643 
90631 



N. cos. ?t .sine. 



69 
58 
57 
56 
55 
64 



63 
52 
51 
50 
49 
48 



47 
46 
45 
44 
43 
42 



41 
40 
39 
38 
37 
36 



36 
34 

33 
32 
31 
30 



29 
28 
27 
26 
26 
24 



23 
22 

21 
20 
19 
18 



17 
16 
16 
14 
13 
12 



11 

10 
9 
8 

7 
6 



6 

4 
3 
2 
1 




M. 



i_ 



69° 



68© 



I 



67*^ 



I 



66'^ 



650 



OP NATimAL SINES. 



25° 



26 



u 



070 



28<^ 



I 290 



I 



4. 



M. N.siiie. N. cos 




1 

2 
3 

4 
5 
6 



9 

10 
11 
12 



13 
14 
15 
16 
17 
18 



19 
20 
21 
22 
23 
24 



26 
26 
27 
28 
29 
SO 



31 
32 
33 
34 
35 
36 



37 
38 
39 
40 
41 
42 



43 
44 

45 
46 
47 
48 



49 
50 
51 

52 
53 

54 



55 
56 
51 
5^ 

60 



42262 
42288 
42315 
42341 
423()7 
42394 
42420 



90631 
906 J :j 
90606 
90594 
90O152 
90569 
90557 



42446 
42473 
42499 

42525 

40 .-..-,0 

42578 



42604 
42631 
42657 
42683 
42709 
42736 



42762 
42788 
42815 
42841 
42867 
42894 



42920 
42946 
42972 
42999 
43025 
43051 



90545 
90532 
90520 
90507 
90-i95 
90483 



90470 
90458 
90446 
90-W3 
90421 
90408 



N.siiKv 



43837 
43863 
438»9 
43916 
43942 
43968 
43991 



4W20 
4W46 
44072 
4-A09JJ 
4H24 
44151 



44177 
44203 
41229 
4-1255 
41281 
44307 



IS. COS. N.siiHM.N. COS. N.siii«.|N. cos.jNjiine. N. cos. 



!•«»•! 



II 



9879.; 
b9i;67 
89854 
89841 
89821J 
89816 
89803 



8979(. 
89777 
8^764 
89752 
89739 
89726 



4.>399 
45I.25 

45477 
45503 
15529 
4555 1 



89101! 
89087 
!:9071 
895 ;6i 

8'joi:; 

89035 
89021 



45581) 
4560(; 
45632 
45658 
4568-1 
45710 



89713 
89700 
89687 
89t;74 
89662 
89649 



45736 
45762 
4.5787 
45813 
45839 
45865 



469471 

469"; 3j 

469!'!* 

4702 1; 

47050. 

47076' 

47101; 



8! 1295 
88281 
88267 
88254 
88240 
88226 
88213 



8yOOJi 
88995 
8898 1 
88968 
88955 
88942 



90396 

903831 

90371 

90358 

90346 

9033-i 



90321 
90309 
90296 
90284 
90271 
90259 



44333 
'W35U 
443{:5 
4i^41 1 
44-1.37 
441.64 



43077 
43104j' 
431301 
43156 
43182 
43209 



43235 
43261 
43287 
43313 
43340 
43366 



90246 
90233 
90221 
90208 
90196 
90183 



90171 
90158 
90146 
90133 
90120 
90108 



•41490 
44516 
44542 
44568 
44594 
44620 



416'M; 
44672 
4-1698 
'14724 
44750 
4-1776 



4-1802 
41828 
44854 
44880 
4-190<i 
4.1932 



89636 
896*23 
89610 
895971 
89584. 
8957l! 



8i;928 
88915 
88902 
88:;88 
88875i 
88862 



47127 
47153. 
17178, 
47204 
47229. 
47255 



88199 
88185 
88172 
88158 
88M4 
8813!) 



89558. 
89515 
89532! 
895191 
89506: 
89493! 



45891 

45917: 

45942; 

459681 

4.9994; 

46020: 

"liio-TiJj" 

46072| 

46097.; 

46123! 

46149 

46175 



47281' 
•17306; 
47332" 
47358 
47383 
47409 



88117 
80103 
88089 
88075 
83062 
88018 



48481 
48.506 
48532 
48557 
43583 
48608 
48634 



87462 
87448 
87434 
87420 
87406 
87391 
87377 



48659: 

48684 

48710 

48735 

48761 

48786 



88848 
888.35j 



89480 
89167 
894541 
89.Wli 
89128i 
89415 ; 



43392 
43418 
43445 
43471 
43497 
43523 



43549 
43«75 
43602 
43628 
43654 
43680 



43706 
43733 
43759; 
43785 
43811 
43837 



90095 
90082 
90070 
90057 
90045 
90032 



44958 
4^1984 
45010 
45036 
45062 
45088 



891021 

89389; 

89376' 

89363! 

89.3,')0 

89337; 



4()201 

46226 

46252 

46278; 

46304i 

46330 ; 

46.3.)5! 
4638 1! 
46107j 
461,33: 
46458; 
46481! 



88822! 
88808' 
837951 
88782 ; 

"887681" 
887.55| 
887411 
88728: 
88715; 
88701! 

8868uj 
88674! 
8866 Ij 
88617! 
88631! 
88620- 



47131 
471(i0 
47186" 
47511! 
47537 
47562 



88034 
88020 
88006 
87993 
87979 
87965 



47588- 
47614 
47639, 
47665. 
47690 
47716' 



8795] 
87937 
87923 
87909 
87896 
87882 



47741 

■17767 

47793 

47818; 

478-14; 

-17869: 



87868 
87!{.51 
87810 
87826 
87812 
87798 



-18811 
48837 
48862 
43888 
•18913 
18938 



48964 
48989 
49014 
49040 
49065 
49090 



87363 
87349 
87335 
87321 
87306 
87292 



87278 
87264 
87250 
87235 
87221 
87207 



49116 
49141 
49166 
49192 
49217 
49242 



49268 
49293 
49318 
49344 
49369 
49394 



87193 
87178 
87164 
87150 
87136 
87121 



87107 
87093 
87079 
87064 
87050 
87036 



88607 
88593 
88580 
88.'>66 
88553 
885.39 



90019 
90007 
89994 
89981 
89968 
89956 



89943 
89930 
89918 
89905 
89892 
89879 



45114 
45140 
45166 
4.5192 
45218 
45243 



89321! 
893111 
89298| 
892851 
89272' 
89259 



45269 
45295 
45321 
45347 
45373 
45399 



89245 
89232 
89219 
89206 
89193 
89180 



46510 

46536 

46.^61 1 

465.J7; 

'16613 

46639 



N. COS. N.sine. N. co.s 

~~643 — r 



89167 
89153 
89140 
89127 
89114 
89101 



46664 
46690 
46716 
■16712 
•16767 
46793 

468l9 
46844 
46870 
46896 
46921 
46917 



88526 
88512 
88199 
88485 
88-172 
88458 



88415 
88-431 
88417 
88104 
88890 
88377 



88363 
88319 
8833(; 
88322 
88308 
88295 



47895; 
47920= 
479461 
47971' 
47997: 
48022. 



87784 
87770 
87756 
87743 
87729 
87715 



48018 
■18073 
48099 
-18121: 
48150. 
48175' 



87701 
87687 
87673 
87659 
87645 
87631 



48201, 
48226! 
48252' 
482771 
48303 
48328 



87617 
87603 
87589 
87.575 
87561 
87546 



49419 
49445 
49470 
49495 
49521 
49546 



07021 
87007 
86993 
86978 
86964 
86919 



49571 
49596 
49622 
49647 
49672 
49697 



86935 
86921 
86906 
86892 
86878 
86863 



868-49 
86834 
86820 
86805 
86791 
86777 



48354; 
48379: 
484051 
48130J 
48156' 
48181 



87532 
87518 
87504 
87490 
87476 
87162 



iS'.sine.'M. cos. M. sine. 'N. cos.'iS.sine. 



49723 
49748 
49773 
49798 
49824 
49849 



49874 
49899 
49924 
49950 
49975 
50000 



86762 
86748 
86733 
86719 
86704 
86690 



86673 
86661 
86646 
8663S 
86617 
86603 



iV. cos.'N.sine. 



60 
69 
58 
57 
66 
55 
64 



63 
52 
61 
«S 
49 
48 



47 
46 
46 
44 

43 
42 



41 
40 
39 
38 
37 
36 



36 
34 
33 
32 
81 
30 



29 
28 
27 
26 
26 
24 



23 
22 
21 
20 
19 
18 



17 
16 
16 
14 
13 
12 



11 

10 
9 
8 
7 
6 



6 
4 
3 
2 
1 




M. 



63- 



fji-J" 



6I0 



I 6()Q ( 



\ 











OF NATURAL SINES. 










1 


SOO 


31° 1 320 


1 33- 1 340 1 


M. 


ft. sine. 


N. COS. 


M.sine. 


N. COS. 


N.sine.N. cos. 


Njine. 


|N. COS. 


N.sine. 


N. COS., 1 





60000 


86603 


6I6O4I 


86717 


52992 84805 


64464 


83867 


66919 


829041 


60 


1 


60025 


86588 


61629 


85702 


63017 


84789 


64488 


83861 


66943 


82887 


69 


2 


60060 


86573 


61664 


85687 


63041 


84774 


64613 


83835 


66968 


82871 


68 


3 


60076 


86669 


61679 


86672 


53066 


84759 


64637 


83819 


65992 


82866 


67 


4 


60101 


86644 


61604 


86667 


53091 


84743 


64661 


83804 


66016 


82839 


66 


6 


60126 


86530 


51628 


85642 


53115 


84728 


64686 


83788 


66040 


82822 


66 


6 


60151 


86515 


61663 


85627 


53140 


84712 


54610 


83772 


66064 


82806 


64 


7 


60176 


86601 


61678 


85612 


63164 


84697 


64636 


83766 


66088 


82790 


63 


8 


60201 


86486 


61703 


85597 


63189 


84681 


64659 


83740 


66112 


82773 


62 


9 


50227 


86471 


61728 


85582 


53214 


84666 


64683 


83724 


66136 


82767 


61 


10 


60262 


86457 


61753 


85567 


53238 


84650 


64708 


83708 


66160 


82741 


60 


11 


60277 


86442 


51778 


86651 


53263 


84635 


64732 


83692 


66184 


82724 


49 


12 


60302 


86427 


51803 


85536 


63288 


84619 


64766 


83676 


66208 


82708 


48 


13 


60327 


86413 


61828 


86521 


53312 


84604 


64781 


83660 


66232 


82692 


47 


14 


60362 


86398 


51852 


85506 


53337 


84588 


64806 


83645 


66266 


82676 


46 


16 


60377 


86384 


51877 


85491 


53361 


84573 


64829 


83629 


66280 


82669 


46 


16 


50403 


86369 


51902 


85476 


63386 


84557 


64854 


83613 


66306 


82643 


44 


17 


60428 


86354 


51927 


85461 


53411 


84542 


54878 


83597 


66329 


82626 


43 


. 18 


50463 


86340 


61962 


85446 


63435 


84526 


54902 


83581 


66353 


82610 


42 


\ 19 


60478 


86325 


51977 


85431 


63460 


84511 


64927 


83665 


56377 


82693 


41 


L 20 


60503 


8631U 


52002 


85416 


53484 


84495 


64951 


83549 


66401 


82677 


40 


' 21 


60628 


86295 


52026 


85401 


53509 


84480 


64975 


83533 


66426 


82661 


39 


22 


60563 


86281 


52051 


85385 


63534 


84464 


64999 


83517 


66449 


82644 


38 


L 23 


60578 


86266 


62076 


85370 


53668 


84448 


55024 


83501 


66473 


82628 


37 


1 24 


50603 


86251 


52101 


85365 


53583 


84433 


55048 


83485 


66497 


82611 


36 


1 ^ 


50628 


86237 


52126 


85340 


53607 


84417 


55072 


83469 


66621 


82496 


35 


1 26 


60654 


86222 


62151 


85325 


63632 


84402 


65097 


83453 


66646 


82478 


34 


f *7 


50679 


86207 


52176 


85310 


63656 


84386 


66121 


83437 


66669 


82462 


33 


^ 28 


50704 


86192 


52200 


85294 


63681 


84370 


65145 


83421 


66693 


82446 


32 


29 


50729 


86178 


52226 


86279 


63705 


84355 


66169 


83405 


66617 


82429 


31 


30 


50764 


86163 


52250 


85264 


53730 


84339 


65194 


83389 


66641 


82413 


30 


di 


50779 


86148 


52275 


85249 


53754 


84324 


55218 


83373 


66666 


82396 


29 


32 


50804 


86133 


52299 


85234 


53779 


84308 


65242 


83366 


66689 


82380 


28 


3S 


50829 


86119 


52324 


85218 


53804 


84292 


65266 


83340 


66713 


82363 


27 


34 


60854 


86104 


52349 


85203 


53828 


84277 


55291 


83324 


66736 


82347 


26 


36 


50879 


86089 


52374 


85188 


53853 


84261 


65315 


83308 


66760 


82330 


26 


36 


50904 


86074 


52399 


85173 


63877 


84245 


65339 


83292 


66784 


82314 


24 


37 


60929 


86059 


52423 


85157 


53902 


84230 


66363 


83276 


66808 


82297 


23 


38 


60964 


86045 


52448 


86142 


63926 


84214 


66388 


83260 


66832 


82281 


22 


39 


60979 


86030 


62473 


85127 


63951 


84198 


66412 


83244 


66866 


82264 


21 


40 


51004 


86015 


52498 


85112 


63975 


84182 


65436 


83228 


66880 


82248 


20 


41 


51029 


86000 


52522 


85096 


54000 


84167 


66460 


83212 


66904 


82231 


19 


42 


51054 


85985 


62547 


85081 


64024 


84151 


66484 


83196 


66928 


82214 


18 


43 


61079 


85970 


52672 


85066 


54049 


84135 


65509 


83179 


66962 


82198 


17 


44 


61104 


85956 


52597 


85051 


54073 


84120 


65533 


83163 


66976 


82181 


16 


46 


61129 


85941 


52621 


85035 


54097 


84104 


65667 


83147 


67000 


82166 


16 


46 


51164 


85926 


52646 


85020 


54122 


84088 


55581 


83131 


67024 


82148 


14 


47 


61179 


85911 


52671 


S5005 


54146 


84072 


65605 


83115 


67047 


82132 


,13 


48 


61204 


85896 


52696 


84989 


64171 


84057 


66630 


83098 


67071 


82115 


12 


49 


61229 


85881 


62720 


84974 


54195 


84041 


55654 


83082 


67095 


82098 


11 


dO 


51254 


85866 


62745 


84959 


54220 


84025 


65678 


83066 


67119 


82082 


10 


£1 


51279 


85851 


52770 


84943 


•54244 


84009 


55702 


83050 


67143 


82066 


9 


fi2 


51304 


85836 


52794 


84928 


54269 


83994 


55726 


83034 


67167 


82048 


8 


S3 


51329 


85821 


52819 


84913 


54293 


83978 


55760 


83017 


67191 


82032 


7 


64 


51354^ 


85806 


52844 


84897 


54317 


.83962 


66775 


83001 


67215 


82016 


6 


56 


51379 


85792 


52869 


84882 


54342 


83946 


56799 


82985 


67238 


81999 


6 


66 


51404 


85777 


52893 


84866 


54366 


83930 


65823 


82969 


67262 


81982 


4 


67 


51429 


85762 


52918 


84861 


54391 


83915 


65847 


82953 


67286 


81966 


3 


68 


61454 


85747 


52943 


84836 


64415 


83899 


65874 


82936 


57310 


81949 


2 


69 


61479 


86732 


52967 


84820 


64440 


83883 


65895 


82920 


57334 


81932 


1 


60 


51604 


86717 


62992 


84805 


64464 


83867 


55919 


82904 


67358 


81916 







N. COS. 


^I.sine. 


N. COS. 


N.siDe. 


N. COS. 


N.siiie. 


N. COS. 


N.smew 


N. COS. 


N.suie. 


M. 



69° 



68O 



670 



i 660 t 



66® 



J L 




OF NATURAL SINKS. 



i 





36° 




1 
S 

4 
6 
6 



7 
8 
9 

10 
11 
12 



13 
U 

15 
16 
17 
18 



19 
20 
21 
22 
23 
24 



25 
26 
27 
28 
29 
30 



31 
32 
33 
34 
35 
36 



37 
38 
39 
40 
41 
42 



49 
U 

46 
46 
47 
48 



49 
50 
51 
52 
53 
54 



1 3SC — r 



370 



T 



^ 



I '^" I *^' J ±'^ .; v«- ; ay- I 

M. 'N.Bine..y. co».>.sine. J?. C(Hi.[i>i.giDe. K. ces. N.8ine.|N. cob. Jf Ane. N. cm. 



-'j>*i 



57358 
57381 
57405 
57429 
57453 
57477 
57501 



57524 
57548 
57572 
57596 
57619 
57643 



57667 
57691 
57715 
57733 
67762 
57786 



67810 
57833 
67867 
57881 
57904 
67928 



67952 
57976 
67999 
58023 
58047 
58070 



58094 
58118 
58141 
58165 
58189 
58212 



58236 
58260 
58283 
58307 
58330 
58354 



58378 
58401 
68425 
68449 
58472 
58496 



58519 
58543 
58567 
58590 
58614 
68637 



81915 
81899 
81882 
81865 
81848 
81832 
81815 



81798 
81782 
81765 
81748 
81731 

sni'^ 



81698 
81681 
81664 
81647 
81631 
816141 



81597 
81580 
81563 

81530 
81513 



81496 
81479 
81462 
81445 
81428 
81412 



81395 
81378 
81361 
81344 
81327 
81310 



81293 
81276 
812j9 
81242 
81225 
81208 



81191 
81174] 
81157 
81140 
81123 
81106 



81089 
81072 
81055 
81038 
81021 
810041 



56 68661 80987 60065 79951 

56 58684 80970 60089 79934 

57 58708 80953 60112 79916 

58 58731 80936 60135 79899 

59 58755 80919 60158 79881 

60 58779 80902 60182 79864 



|N. COS. I9.8ine. N. cos. M Jtine. 



68779 
58802 
58826 
58849 
58873 
58896 
58920 



58943 
68967 
68990 
59014 
59037 
69061 



59084 
59108 
59131 
5915-1 
69178 
59201 



59225 
59248 
69272 
59295 
59318 
59342 



59365 
59389 
59412 
59436 
59459 
59482 



69506 
59529 
59552 
59576 
59599 
59622 



59646 
59669 
69693 
59716 
69739 
69763 



59786 
59809 
59832 
59856 
59879 
59902 



69926 
59949 
69972 
59995 
60019 
60042 



80902 
80885 
80867 
80850 
80833 
80816 
80799 



80782 
80765 
80748 
80730 
80713 
8069G 



80679 
80662 
8064-1 
80627 
CO6IOI 
80593 



80576 
8055U 
80541 
80524 
80507 
80489 



60182 
60205 
60228 
60251 
60274 
60298 
60321 



60344 
6a367 
60390 
60-114 
60437 
60460 



60'183 
6050k 

60529 
60553 
6057G 
60599 



60622 
60645 
60660 
60691 
60714 
60738 



80472 
80455 
80438 
80420 
80403 
80386 



80368 
80351 
80334 
80316 
80299 
80282 



80264 
80247 
G0230 
80212 
80195 
80178 



80160 
80143 
80125 
80108 
80091 
80073 



80056 
80038 
80021 
80003 
79986 
79968 



60761 

60784J 

60807 

60830 

60853 

60876 



60899 
60922 
60945 
60968 
60991 
61015 



61038 
61061 
61084 
61107 
61130 
61153 



61176 
61199 
6I222I 
61245 
61268 
61291 



61314 
61337 
61360 
61383 
61406 
61429 



79864 
79846 
79829 
79811 
79793 
79776 
7975U 



71^41 
79723 
79706 
79688 
79671 
79653 



79635 
79618 
79600 
79583 
795Gj 
79547 



79530 
79512 
79194 
79477 
7915!J 
79441 



794ii4 
79106 
79381; 
79371 
79353 
79335 



79318 
79300 
79282 
79264 
79247 
79229 



79211 
79193 
79176 
79158 
79140 
79122 

79105 
79087 
79069 
79051 
79033 
79016 



78998 
78980 
78962 
78944 
78926 
78908 



61451 78891 62819 

61474 78873 62842 

61497 78855 62864 

61520 78837 62887 

61543 78819 62909 

61566 78801 62982 



i 



6 1566 j 78801 



61589 
61612 
61635 
61658 
61681 
61704 



61726 
61749 
61772 
617y.> 
61818 
61841 



61864 
61887 
6190*J 
61932 
61955 
61971J 



62001 
62024 
6204(i 
62069 
62092 
62115 



78783 
78765 
78747 
78729 
78711 
786941 



78676 
78658 
78640 
78622 
78601 
78586 



78568 
78550 
78532 
78514 
78496 
78478 



62138 
62160 
62183 
62206 
62229 
62251 



62274 
62297 
62320 
62342 
62365 
62388 



62411 
62433 
62456 
62479 
62502 
62524 



62647 
62670 
62592 
62615 
62638 
62660 



62683 
62706 
62728 
62751 
62774 
62796 



78460 
7:i442 
78424 
78405 
78387 
78369 



62932 
62955 
62977 
63000 
63022 
63045 
63068 



63090 
63113 
63136 
63168 
63180 
63203 



632261 

63248 

63271 

63293 

63316 

63338 



63361 

633831 

63406 

63428 

63451 

63473 



78351 
78333 
78315 
78297 
78279 
78261 



78243 
78225 
78206 
78188 
78170 
78162 



78134 
78116 
78098 
78079 
78061 
78043 



78025 
78007 
77988 
77970 
77952 
77934 

77916 
77897 
77879 
77861 
77843 
778241 



77806 
77788 
77769 
77751 
77733 
77716 



63496 
63618 
63640 
63663 
63686 
63608 



63630 

63663 

636701 

63698 

63720 

63742 



63766 
63787 
63810 
63832 
63854 
638T7 



63899 
63922 
63944 
63966 
63989 
64011 



64038 
64056 
64078 
64100 
64123 
64146 



I 



5-10 



IM. co8.|Wjiine.|JN. co8.IK.8iue. 



77716 
77696 
77678 
77660 
77641 
77623 
77606 



77A86 
77668 
77660 
77631 
77filS 
77494 



77476 
77468 
77439 
774S1 
77408 
77384 



77366 
77347 
773S9 
77310 
77S9I 
77873 



77260 
77236 
77218 
77199 
77181 
771621 



tKH 

77126 
77107 
77088 
77070 
77061 



60 
69 
68 
SI 
66 
55 
64 



68 

62 
61 



46 
4fe 

44 





h4I 



34 



31 



24 



77033 
77014 
76996 
76977 
76969 
76940 



m" 



76921 
76903 
76884 
76866 
76847 
76828 



76810 
76791 
76772 
76764 
76735 
76717 



64167 76698 

64190 76679 

64212 76661 

64234 766481 

64266 76623 

64279 766041 



2t 
28 
If 



17 
16 
U 

u: 

13 



n 

18 
9' 

r 
1 

6 



6 

4 
3 
2 
1 




530 



52° 



I 



IV. cos.iNjine.1 Bl 



51^ I 



6OO I 



/ 



OF NATURAL SINES. 



E 



b: 



I 40° I 41° T 

lT.diie..N. COS. N.sine.iN. cos., 




1 

t 

3 

6 
€^ 

7 

8 

9 

10 

11 

U 



19 
14 
15 
16 
17 

ii 
19 



ti 



as 

;sr 

n 



40 
41 



t 



4S 

4A 

v4P7 
48 

40 



AA 

M 

A8 
59 
60 



64S79 
64301 
643S3 
64346 
64368 
64390 
6441S 



64436 

64467 
64479 
64601 
64684 

64646 



64668 
64690 
64618 
64636 
64667 
64679 



64701 
647SS 
64746 
64768 
64790 
64812 



64834 
64856 
64878 
6490) 



76604i 

76586 

76567 

76548 

76530 

76511 

76492 



76473 
76455 
76436 
70417 
76398 
76380 



76361 
76342 
76323 
76304 
76286 
76267 



76248 
76229 
76210 
76192 
76173 
76154 



64989 
65011 
65033 
65056 
65077 



65100 
65182 
66144 
66166 
66188 
65810 



66888 
66864 

65876 
65898 
66880 
66348 



76135 
76116 
76097 
76078 
76059 
76041 



76022 
76003 
75984 
75965 
75946 
75987 



76908 
75889 
76870 
76851 
76832 
76813 



76794 
75775 
76756 
75738 
75719 
75700 



66364 

65386 
65408 
65430 
65468 
66474 



66496 
65518 
65540 
65568 
66684 



75680 
75661 
76642 
76683 
76604 
75685 



75566 
75547 
75528 
75509 
75490 



656061 75471 



65606 
65628 
65650 
65672 
65694 
65716 
65738 



65759 
65781 
65803 
65825 
65847 
65869 



65891 
65913 
65935 
65956 
65978 
66000 



66022 
66044 
66066 
66088 
66109 
66131 



66153 
66175 
66197 
66218 
66240 
66262 



66284 
66306 
66327 
66349 
66371 
66393 



66414] 
66436 
66458 
66480 
66501 
66523 



66545 
66566 
66588 
66610 
66632 
666531 



66675 
66697 
66718 
66740 
66762 
66783 



66805 
66827 
66848 
66870 



75471 
75452 
75433 
75414 
75395 
75375 
75356 



75337 
75318 
75299 
75280 
76261 
75241 



75222 
75203 
7518-1 
75165 
75146 
75126 



76107 
75088 
75069 
76050 
75030 
75011 



74992 
74973 
74953 
74934 
74915 
74896 



74876 
74857 
74838 
74818 
74799 
74780 



42Q 
N.sine. N. cos. 



43^ 



44° 



66913 
66935 
66956 
66978 
6G999 
67021 
67043 



74314 
74295 
■74276 
74256 
74237 
74217 
74198 



N.sineJN. cos. N.sine. N. cos. 



i 



670641 

67086 

67107 

67129 

67151 

67172 



67194 
67213 
67237 
67258 
67280 
67301 



74178 
74159 
74139 
74120 
74100 
74080 



67323 
67344 
67366 
67387 
67409 
67430 



74061 
74041 
74022 
74002 
73983 
73963 



67452 
67473 
67495 
67516 
67538 
67559 



73944 
73924 
73904 
73883 
73863 
73846 



73826 
7380G 
73787 
73767 
73747 
73728 



67580 
67602 
67623 
67645 
67666 
67688 



747601 

74741 

74782 

74703 

74683 

74664 



74644 
74625 
74606 
74586 
74567 
74548 



74588 
74509 
74489 
74470 
74451 
74431 



74412] 
74392 
74373 
74353 



66891 74334 
66913 74314 



67709 
67730 
67752 
67773 
67795 
67816 



67837 
67859 
67880 
67901 
67923 
67944 



67965 
67987 
68008 
68029 
68051 
68072 



73708 
73688 
73669 
73649 
73629 
73610 



73590 
73570 
73551 
73531 
73511 
73491 



73472 
73452 
73432 
73413 
73393 
73373 



68093 
68115 
68136 
68157 
G8179 
68200 



In. rof.lN.8ine.lN. cos.i>.aiDe.UM. cos. 



73353 
73333 
73314 
73294 
73274 
73254 



68200 
68221 
68242 
68264 
68285 
68306 
68327 



68349 
68370 
68391 
68412 
68434 
68455 



68476 
68497 
68518 
68539 
68561 
68582 



73135 
73116 
73096 
73076 
73056 
.73036 
73016 



72996 
72976 
72957 
72937 
72917 
72897 



69466 
69487 
69508 
69529 
69549 
69570 
69591 



69612 
G9633 
69654 
69675 
69696 
69717 



68603 
68624 
68645 
6866G 
68688 
68709 



68730 
68751 
68772 
68793 
68814 
68835 



68857 
68878 
68899 
68920 
689-il 
68962 



68983 
69004 
69025 
69046 
69067 
69088 



69109 
69130 
69151 
69172 
69103 
69214 



69235 
69256 
69277 
69298 
69319 
69340 



72877 
72857 
72S37 
72817 
72797 
72777 



69737 
69758 
69779 
69800 
69821 
G9842 



727571 
72737 
72717 
72G97 
72G77 
72657 



72637 
72617 
72397 
72577 
72557 
72537 



72517 
72497 
72477 
72457 
72437 
72417 



72397 
72377 
72357 
72337 
78317 
72297 



72277 
78257 
78236 
72216 
72196 
72176 



72156 
72136 
72116 
720951 
72075 
72055 



69862 
69S83 
G9904 
G9923 
69946 
69966 



69987 
70008 
70029 
70049 
70070 
70091 



70112 
70132 
70153 
70174 
70195 
70215 



70236 
70257 
70277 
70298 
70319 
70339 



70360 
70381 
70401 
70422 
70443 
704G3 



73234 69361 72035 70608 70813 

73215 69382 72013 70G28 70793 

73195 69403 71995 70G49 70772 

73175 69424 71974 70670 70752 

73153 G94't6 7195-1 70690 70731 

73135 69466| 71934 70711 J 707 11 

N.sme.|N. cos.lN.sine.lN. cos.jM.sine. 



70484 
70505 
70525 
70546 
70567 
70387 



7193^* 
71914 
71894 
71873 
71833 
71833 
71813 



71792 
71772 
71732 
71732 
71711 
71691 



71671 
71650 
71630 
71610 
71390 
715G9 



71349 
71529 
71508 
71488 
71468 
71447 



71427 
71407 
71386 
71366 
71343 
71323 



71303 
71284 
71264 
71243 
71223 
71203 



71182 
71162 
71141 
71121 
71100 
71080 



71059 
71039 
71019 
70998 
70978 
70957 



70937 
70916 
70896 
70875 
70855 
70834 



60 
59 
58 
57 
b& 
55 
54 



53 
52 
51 
50 
49 
48 



47 
46 
45 
44 
43 
42 



41 
40 
39 
38 
37 
36 



35 
34 
33 
32 
31 
30 



29 
28 
27 
26 
85 
24 



SS 
28 
21 
80 
19 
18 



17 
16 
16 
14 
13 
12 



11 
10 
9 
8 
7 
6 



5 
4 
3 
2 
1 




M. 



" — r 



49" 



4a^ 



I 



47'^ 



4f; 



o 



43 



hO 



I 



Of Logarithmic Sines, Tangents, and Secants to every Point and Qnar 

Point of the Compass. 



Points. 



Sine. 

Inf. neg. 
8.69080 
8.99130 
9.16652 



Co. sine. 



10.00000 
9.99948 
9.99790 
9.99627 



Tangent 



Lnf. neg. 
8.69132 
8.99340 
9.17126 



Co. tang. 



Infinite. 
11.30868 
11.00660 
10.82876 



Secant. 



10.00000 
10.00052 
10.00210 
10.0047S 



Co. secant.} 



Infinite. 
11.30920 
11.00870 
10.83348 



S 
1 



■; 



n 

11 



9.29024 
9.38667 
9.46282 
9.62749 



9.58284 
9.63099 
9.67339 
9.71105 



9.74474 
9.77603 
9.80236 
9.82708 



9.99157 
9.98679 
9.98088 
9.97384 



9.96562 
9.96616 
9.94643 
9.93335 



9.29866 
9.39879 
9.48194 
9.65366 



10.70134 
10.60121 
10.51806 
10.44635 



10.00843 
10.01321 
10.01912 
10.02616 



10.70976 
10.61443 
I0.5371S 
10.47251 



9.84949 



Co. sine. 



9.91985 
9.90483 
9.88819 
9.86979 



9.84949 



Sine. 



9.61722 
9.67483 
9.72796 
9.77770 



9.82489 
9.87020 
9.91417 
9.95729 



10.00000 



Co. tang. 



10.38278 
10.32517 
10.27204 
10.22230 



10.17611 
10.12980 
10.08583 
10.04271 



10.00000 



Tangent. 



10.03438 
10.04384 
10.05457 
10.06665 



10.41716 
10.36901 
10.32661 
10.28895 



10.08015 ! 
10.09517 
10.11181 
10.13021 



10.15061 



Co. secant. 



10.25626 
10.22497 
10.19764 
10.17292 



10.15051 



Secant. 



•; 



I 
I 








LOGARITHMS OF NUMBERS. 




>l 


* 


No 


,. 1 100 


1. 








Log. . 00000 2 . 0000 


N. 


Log. 


N. 


Log. 


N. 


Log. 


N. 


Log. 


jSr. 


X 


1 


0.00000 


21 


1.32222 


41 


1.61278 


61 


1.78533 


81 


l.S 




2 


0.30103 


22 


1.34242 


42 


1.62325 


62 


1 .79239 


82 


l.S 




3 


0.47712 


23 


1 .36173 


43 


1.63347 


63 


1.79934 


83 


l.S 




4 


0.60206 


24 


1.38021 


44 


1.64345 


64 


1.80618 


84 


l.S 




5 


0.69897 


26 


1.39794 


45 


1.65321 


65 


1.81291 


85 


l.S 


6 


0.77815 


26 


1 .41497 


46 


1.66276 


66 


1.81964 


86 


l.S 




7 


0.84510 


27 


1.43136 


47 


1.67210 


67 


1.82607 


87 


l.S 




8 


0.90309 


28 


1.44716 


48 


1.68124 


68 


1.83251 


88 


l.S 




9 


0.95424 


29 


1.40240 


49 


1.69020 


69 


1.83885 


89 


l.S 




10 


1.00000 


30 


1.47712 


60 


1.69»97 


70 


1.84510 


90 


l.S 


11 


1.04139 


31 


1.49136 


51 


1.70757 


71 


1.85126 


91 


l.S 




12 


1.07918 


32 


1.50515 


62 


1.71600 


72 


1.8,5733 


92 


l.S 




IS 


1.11394 


33 


1.51861 


63 


1.72428 


73 


1.86332 


93 


l.S 




14 


1.14613 


34 


1.53148 


54 


1.73239 


74 


1.80923 


94 


l.S 




15 


1 . 17609 


35 


1.54407 


65 


1.74036 


75 


1.87506 


95 


l.S 


16 


1.20412 


36 


1.56630 


56 


1.74819 


76 


1.88081 


96 


l.S 




17 


1.23045 


37 


1.56820 


57 


1.75587 


77 


1.88649 


97 


l.f 




18 


1.25627 


38 


1.57978 


68 


1.76343 


78 


1.89209 


98 


l.f 




19 


1.27875 


39 


1.59106 


69 


1.77085 


79 


1.89763 


99 


l.f 




20 


1.30103 


40 


1.60206 


60 


1.77815 


80 


1.90309 


100 


2.( 



LOGARITHMS OF NUMBERS. 





No. 100— 


—1600. 






Log. 00000 20412. j 






No. 1 





1 i 




3 


4 


5 


6 


7 


8 9 






100 


00000 


ooai3 


00087 


00130 


00173 


00217 


00260 


00303 


00346 00389 




i 


101 


00432 


00473 


00518 


00561 


00604 


00647 


00689 


00732 


007761 00817 




1 


102 


008G0 


00903 


00945 


00988 


01030 


01072 


01116 


01157 


01199 01242 








103 


01284 


01326 


013G8 


01410 


01432 


01494 


01536 


01578 


01620 01662 








104 


01703 


01745 


01787 


01828 


01870 


01912 


01953 


01995 


02036 


02078 






105 


02119 


02160 


02202 


02243 


02284 


02323 


02366 


02407 


024-i9 


02490 






106 


02531 


02572 


02612 


02633 


02694 


02735 


()2776 


02816 


02857 


02898 






. 


107 


02938 


02979 


03019 


03060 


03100 


03141 


03181 


03222 


03262 


03302 






1 

1 


108 


03342 


03383 


03423 


03463 


03303 


03543 


03583 


03623 


03663 


03703 








109 


03743 


03782 


03822 


03862 


03902 


03941 


03981 


04021 


04060 


04100 






no 


04139 


04179 


04218 


04238 


0'1297 


04336 


04376 


04415 


04454 


04^193 






111 


04532 


04571 


04610 


04650 


04689 


04727 


04766 


0-1805 


04844 


04883 








112 


04922 


04961 


04999 


05038 


05077 


05115 


05154 


05192 


06231 05269 






113 


05308 


05346 


05385 


05423 


05461 


05500 


05538 


05576 


06614 


05652 








114 


05690 


05729 


05767 


05805 


05843 


05881 


05918 


05966 


05994 


06032 






115 


06070 


06108 


06145 


06183 


06221 


06258 


06296 


06333 


06371 


06408 






116 


06446 


06483 


06521 


06558 


06595 


06633 


06670 


06707 


06744 


06781 








117 


06819 


06856 


06893 


06930 


06967 


07004 


07041 


07078 


07115 


07151 








US 


07188 


07225 


07262 


07298 


07335 


07372 


07408 


07445 


07482 


07518 








119 


07555 


07591 


07628 


07664 


07700 


07737 


07773 


07809 


07846 


07882 






120 


07918 


07954 


07990 


08027 


08063 


08099 


08135 


08171 


08207 


08243 






121 


08279 


08314 


08350 


08386 


08422 


08458 


08493 


08529 


08565 


08600 








122 


08636 


08672 


08707 


08743 


08778 


08814 


08849 


08884 


08920 


08965 








123 


08991 


09026 


09061 


09096 


09132 


09167 


09202 


09237 


09272 


09307 




,1 


124 


09342 


09377 


09412 


09447 


09482 


09517 


09332 


09587 


09621 


09656 


1 


1 


125 


09691 


09726 


09760 


09795 


09830 


09864 


09899 


09934 


09968 


10003 


• 


126 


10037 


10072 


10106 


10140 


10175 


10209 


10243 


10278 


10312 


10346 






127 


10380 


10416 


10449 


10483 


10517 


10551 


10585 


10619 


10653 


10687 






128 


10721 


10755 


10789 


10823 


10857 


10890 


10924 


10958 


10992 


11025 






129 


11069 


11093 


11126 


11160 


11193 


11227 


11261 


11294 


11327 


11361 






130 


11394 


11428 


11461 


11494 


11328 


11661 


11594 


11628 


11661 


11694 






131 


11727 


11760 


11793 


11826 


11860 


11893 


11926 


11959 


11992 


12024 






132 


12057 


12090 


12123 


12156 


12189 


12222 


12254 


12287 


12320 


12352 






133 


12385 


12418 


12450 


12483 


12516 


12548 


12581 


12613 


12646 


12678 






134 


12710 


12743 


12775 


12808 


12840 


12872 


12903 


12937 


12969 


13001 






135 


13033 


13066 


13098 


13130 


13162 


13194 


13226 


13258 


13290 


13322 


136 


13354 


13386 


13418 


13450 


13481 


13513 


13345 


13577 


13609 


13640 






137 


13672 


13704 


13735 


13767 


13799 


13830 


13062 


13893 


13925 


13956 


1 




138 


13988 


14019 


14051 


14082 


14114 


14146 


14176 


14208 


14239 


14270 






139 


14301 


14333 


14364 


14395 


14426 


14457 


14489 


14520 


14551 


14582 






140 


14613 


14644 


14675 


14706 


14737 


14768 


14799 


14829 


14860 


14891 




141 


14922 


14953 


14983 


15014 


13045 


15076 


15106 


15137 


15168 


15198 






142 


15229 


15239 


15290 


15320 


15331 


15381 


15412 


15442 


15473 


15503 






143 


15534 


15564 


15594 


15625 


13655 


15685 


15715 


15746 


15776 


15806 






144 


15836 


15866 


15897 


15927 


13937 


15987 


16017 


16047 


16077 


16107 


. 




145 


16137 


16167 


16197 


16227 


16236 


16286 


16316 


16346 


16376 


16406 


« 


146 


16435 


16465 


16493 


16524 


16354 


16584 


16613 


16643 


16673 


16702 




t 

m 


147 


16732 


16761 


16791 


16820 


16060 


16879 


16909 


16938 


16967 


16997 




i> 


148 


17026 


17056 


17085 


17114 


17143 


17173 


17202 


17231 


17260 


17289 






149 


17319 


17348 


17377 


17406 


17435 


17464 


17493 


17522 


17551 


17580 


' 


■» 


150 


17609 


17638 


176G7 


17696 


17723 


17754 


17782 


17811 


17840 


17869 




151 


17898 


17926 


17955 


17984 


18013 


18041 


18070 


18099 


18127 


18166 


' 




152 


18184 


1S213 


18241 


18270 


18298 


18327 


18355 


18384 


18412 


18441 






163 


18469 


18498 


18526 


18334 


18333 


18611 


18639 


18667 


18696 


18724 






154 


18762 


18780 


18808 


18837 


18065 


18893 


18921 


18949 


18977 


19006 






165 


19033 


19061 


19089 


19117 


19145 


19173 


19201 


19229 


19257 


19285 




156 


19312 


19340 


19368 


19396 


19424 


19451 


19479 


19607 


19535 


19562 






157 


19590 


19618 


19643 


19C73 


19700 


19728 


19756 


19783 


19811 


19838 






158 


19866 


19893 


19921 


19948 


19976 


20003 


20030 


20058 


20085 


20112 






159 


20i40 


20167 


20194 


20222 

3 


20249 


20276 


20303 


20330 


20358 


20385 






No. 





1 


2 


4 


6 1 6 ; 7 . 


8 


i 




Ih 














tL 












- 



L0GARITH3IS OF NUMBERS. 



Nil "FhiTo'' 


-•-:.•(»(». 










Lor. 20411 34*42. 


Ni.r " 


1 
:nH2' 2Ul3li 


20166 


3 


4 


5 


6 1 


7 


8 


9 




ii'iii 


20193 


20520 


20548 


20.J75 


206021 


20629 


20656 




if^i 


:i)o:;.'i 2(i710 


20737 


' 20763 


20790 


20JS17 


208441 


20871 


20898 


20926 




111' 


:«.iMj •J<»I»1:; 


2 IOC") 


j 21032 


2105!' 21085 


21112 


21139 


21165 


21192 




!(>.{ 


1 .'r:i9 •.'I2I."> 


2 127 J 


21:99 


21.325 


213.r2 


21378 


21405 


21431 


21458 




1 l 


:n.::i '.'101 1 

:iri..i"2ir«:i 


il537 
Jl;:ul 


21561 

: 218J7 


21.V.i(» 


21617 


21643 


21669 


21696 


21722 




!.».» 


-:I851 


21880 


21906 


21932 


21958 


21985 




li'il 


J.'DIl 2*:();i7 


2J063 


22(J89 


22115 


22141 


221(57 


2219-1 


22220 


22246 




Im7 


•JJJ7J 2J2ti:. 


2J;V21 


2J350 


22.576 


22101 


22127 


22453 


22479 


22505 




t(i:i 


::.).)]'. ^i2:,:r, 




2J60:; 


2.(i.>l 


226(50 


226C6 


22712 


22737 


22763 




\&J 


1 

2J*i.';i»' 'J J: 1 1 1 

J.W.I- j 2.j; 7(1 


2*;:lo 

J.K'lMi 


2JJ;(;6 
J3121 


22891 
23147 


22917 


'22913 
'23198 


22968 
23223 


22994 


S3019 




170 


2.5172 


23249 


23274 




171 


j.i.'.u... :.;.;j.. 


.•.:35o 


J.). 1/(1 


2.; 101 


23126 


23152 


23177 


23502 


23528 




n\j 


■j.i.M.j i.;;.7:: 


j36o;'. 


23629 


23(5.>1 


23(579 


23701 


2.3729 


23754 


23779 




I7.J 


J;J;;(>.V J.J;:>o 


2.»i'>55 


= 23880 


2.5JJ05 


239.J0 


2.J955 


23980 


24005 


24030 




I7t 


Jio.i.v; Ji(-;o 


J 110') 
■j|:j.):; 


21130 
. 21378 


211.-)5 
2 14(J3 


21180 
~2I li28 


21201 
24152 


2 1229 


24254 


24279 




~~i7:> 


•il.iOl 


21.;2.» 


24477 


2^1502 


24527 




Mil 


JI.V>I 


21071; 


21(101 


: 21625 


2I(5.;0 


21671 


21(599 


24724 


24748 


24773 




177 


:r/i»7 


.» 1 . » 1 


.M':t6 


21871 


21895 


21920 


21914 


24969 


24993 


25018 




1 111) 


j.v)j: 


i:}iu]i\ 


'j;;09l 


25115 


«•) J .I.' 


25164 


25188 


25212 


25237 


25261 




1 I7;i 


j;iS27 


i.»3l(» 

1 * * • fl 


20;*.3 1 


25358 


2.)382 
2.)624 


25106 
~25618 


25131 


2,j.l55 


25479 


25503 




Ww" 


25«;oo 


•2.=>672 


2569(5 


25720 


25744 




U'.l 


2;»7«»j: 


25792 


J5816 


25810 


258(5 1 


25888 


25912 


25935 


25959 


25983 




1 loi 


2(;(M)7 


2603: 


2(W!.V) 


26079 


26102 


2612(5 


'26 l,yj 


26174 


26198 


26221 




1:::J 


•4i;:i.; 


26J«;!' 


:6J93 


26316 


2(53 i(J 


2»53ril 


2(5387 


26411 


26435 


26458 


• 


j l.'M- 


2(; kJ2 


2«;505 


HlVlii 


2(5553 
2(5788 


26.-^7(5 


2(5600 
268.34 


2(5623 


2(5647 


26670 


26694 




j IJJ.S 


2(;717: 2(5741 


2(J764 


2681 1 


268.08 


26881 


26905 


26928 




1 liu: 


2(;!»oT 2(;97;> 


26!»98 


27021 


27015 


270(58 


27091 


27114 


27138 


27161 






137 


27184-27207 


27231 


•27251 


27277 


27300 


27323 


27.346 


27370 


27393 






18IJ 


27410' 27439 


2T162 


27485 


27.-:08 


27.-)31 


27554 


27577 


27600 


27623 






i:Jl» 


270 n; 

2787/) 


27669 


27(;92 


27715 

27941 


27738 


27761 


27784 
28012 


27807 


27830 


27852 






l!iO 


'27898 


27921 


'27967 


27989 


23035 


28058 


28081 






li)l 


28103' 2812(1 


28149 


28171 


28191 


28217 


282-10 


28262 


28285 


28307 






192 


28330" '283.J3 


28375 


00 "(lO 


2!! 121 


28113 


28 166 


28488 


28511 


28533 






Vj.i 


28.')56 28.j7!{ 


28(501 


28623 


28616 


28(568 


28(591 


28713 


28735 


28758 






11)4 


28780' 28803 


28825 


28847 
j 29070 


28870 


28892 


28914 
^29 137 


28937 


28959 


28981 






29003 29020 


29048 


29092 


29115 


29159 


28181 


29203 






19G 


29221], 29248 


29270 


29292 


29314 


29336 


29358 


29380 


29403 


29425 






197 


294.17: 29469 


29191 


29513 


29535 


29557 


29579 


29601 


29623 


29646 






19U 


29667; 29688 


29710 


29732 


29754 


29776 


29798 


29820 


29842 


29863 , 






199 


29885! 29907 


29929 


29951 


29973 


■ 29994 


30016 


30038 


30060 


30081 






200 


30103' 30123 


30146 


:J0168 


30190 


30211 


30233 


30253 


30276 


30298 




1 201 


30320 


30311 


30363 


30384 


30106 


.30428 


30^149 


30471 


30492 


30514 




202 


30535 


30557 


30578 


30(500 


30621 


30643 


30(564 


30685 


30707 


30728 






203 


30750 


30771 


30792 


30814 


.•i0835 


:J0856 


30878 


30899 


30920 


30942 


i 




204 


30963 


30(>84 


31006 


31027 


:51048 


31069 


31091 


31112 


31133 


31154 






205 


31175 


31197 


31218 


31239 


31260 


31281 


31302 


31323 


31345 


31366 






206 


31307 


31408 


31429 


31450 


31171 


31498 


31513 


31534 


31555 


31576 






207 


31597 


31618 


31639 


31660 


31681 


31702 


31723 


31744 


31765 


31785 






208 


31806 31827 


31818 


31869 


31890 


31911 


31931 


31952 


31973 


31994 






209 


32016 32035 


32056 


32077 


32^^98 


32118 


32139 


32160 


32181 


32201 






210 


32222 32243 


32263 


32284 


32305 


wMto^O 


32346 


323(56 


32387 


32408 






211 


32428 32149 


32169 


32190 


.32510 


.32531 


'i<)-.r,o 


32572 


32593 


32613 






212 


32634 3265^1 


32675 


.'52695 


32715 


32736 


32756 


32777 


32797 


32818 




i 213 




32879 


3 2899 


32919 


32910 


32960 


32980 


33001 


33021 




1 

1 

1 


214 


33041' 33062| 
3324-1" 332(54 


33(582 


33102, 


.53122 


.'53143 


.'J3163 


.33183 


33203 


33224 




21d 




33; $04! 


33325 


3.5.M5 


'6\y6^b 


33-105 


33425 




216 


33415" 3.U6.). 


• ••) l-o'j 


33.;0(5 


.iX)^. 


3.5546 


.'5.5566 


:»3586 


33606 


33626 






217 


.{i)()46 .;3(i66: 


:i3t;86| 


3. 57 (.'6 


.;.J726 


3:5716 


:i3766 


3.)786 


33806 


33826 






218 


33846 338661 


i)<)l>(Jc)! 


3.i905i 


3392.) 


33945 


33965 


33985 


3^1005 


34025 






219 


31044; 


3 M'(; 1 
1 . 


;I1084 
■ > 


31104 
3 


.54124 


.51113 


34163 


34183 


34203 


34223 




1 ^o. 1 


• 


1 


i) 


6 


7 


8 


9 











LOGARITHMS OF NUMBBRS. 








1 


No.. 


MOO ^2800. Log. 84242 44716. | 


No. 





1 


2 


3 


4 


6 


6 


7 


8 


9 


1 


220 


34242 


i 342621 3428S 


I 34301 


34321 


34341 


34361 


34380 


34400 


34420 


Sfl 


3443S 


1 3445S 


1 3447S 


1 34498 


34618 


3463'7 


34557 


34677 


34596 


34616 




« sss 


d463£ 


\ 3465^ 


i 34674 


t 34694 


. 34713 


» 34733 


34763 


347721 34792 


34811 




ns 


S48dC 


) 3485Q 


1 3486S 


> 3488S 


34908 


34928 


34947 


34967 


34986 


36005 




SS4 


3502J 


> 35044 


k 36064 


36083 


36102 


36122 


36141 


36160 


35180 


36199 




225 


35218 


1 35238 


1 sesd") 


36276 


36293 


36315 


36334 


35363 


35372 


36392 


2S6 


35411 


3543€ 


1 3644S 


36468 


36488 


36507 


36626 


365451 36564 


35583 




227 


35603 


1 35622 


36641 


36660 


35679 


36693 


35717 


36736 


36755 


36774 




228 


35793 


> 35813 


36832 


36861 


36870 


36889 


35908 


36927 


35946 


36965 




229 


35984 


36003 


36021 


36040 


36069 


36078 


36097 


36116 


36135 


36154 




230 


36173 


36192 


36211 


36229 


36248 


36267 


36286 


36305 


36324 


36342 


231 


36361 


36380 


'36399 


36418 


36436 


86466 


36474 


36493 


36611 


36530 




232 


36549 


36568 


36686 


36G06 


36624 


3C642 


36661 


36680 


36698 


36717 




233 


36736 


36764 


36773 


36791 


36810 


36829 


36847 


36866 


36884 


36903 




234 


36922 


36940 


36959 


36977 


36996 


37014 


37033 


37061 


37070 


37088 




235 


37107 


37125 


37144 


'37162 


37181 


37199 


37218 


37236 


37254 


37273 


236 


37291 


37310 


37328 


37346 


37366 


3738^ 


37401 


37420 


37438 


37457 




237 


37475 


37493 


37611 


37530 


37648 


37666 


37586 


37603 


37621 


37639 




238 


37658 


37676 


37694 


37712 


37731 


37749 


37767 


37786 


37803 


37822 


• 


289 


37840 


37868 


37876 


37894 


37912 


87931 


37949 


37967 


37985 


88003 




240 


33021 


38039 


38067 


38076 


38093 


38112 


38130 


38148 


38166 


88184 


241 


38S02 


38220 


38238 


38266 


38274 


38292 


38310 


38328 


38346 


38364 




242 


36382 


38399 


38417 


38435 


38463 


38471 


38489 


38607 


38525 


38543 




248 


38561 


38578 


3859G 


38614 


38632 


38660 


38668 


38686 


38703 


38721 




244 


38739 


38757 


38776 


38792 


38810 


38828 


38846 


38863 


38881 


38899 




245 


38917 


38934 


38962 


38970 


38987 


39006 


39023 


39041 


39058 


39076 


246 


39094 


39111 


39129 


39146 


39164 


39182 


39199 


39217 


39235 


39252 


. 


247 


39270 


39287 


89306 


89322 


39340 


39368 


39376 


39393 


39410 


39428 




248 


39445 


39463 


39480 


39498 


39616 


39633 


39660 


39668 


39585 


39602 




249 


39620 


39637 


39666 


39672 


39690 


39707 


39724 


39742 


39759 


39777 




250 


39794 


39811 


39829 


39846 


39863 


39881 


39898 


39916 


39933 


39960 


' 251 


39967 


39985 


40002 


40019 


40037 


40064 


40071 


40^88 


40106 


40123 




252 


40140 


40157 


40176 


40192 


40209 


40226 


40243 


4Q261 


40278 


40295 




253 


40312 


40329 


40346 


40364 


40381 


40398 


40416 


40432 


40449 


40466 




264 


40483 


40500 


40618 


40636 


40662 


40669 


40686 


40603 


40620 


40637 




255 


40654 


40671 


40688 


40706 


40722 


40739 


40756 


40773 


40790 


40807 


256 


40824 


40841 


40858 


40876 


40892 


40909 


40926 


40943 


40960 


40976 




257 


40993 


41010 


41027 


41044 


41061 


41078 


41096 


41111 


41128 


41145 




258 


41162 


41179 


41196 


41212 


41229 


41246 


41263 


41280 


41296 


41318 




259 


41330 


41347 


41363 


41380 


41397 


41414 


41430 


41447 


41464 


41481 




260 


41497 


41514 


41531 


41547 


41564 


41681 


41697 


41614 


41631 


41647 


^1 


41664 


416bl 


41697 


41714 


41731 


41747 


41764 


41780 


41797 


41814 




262 


41830 


41847 


41863 


41880 


41896 


41913 


41929 


41946 


41963 


41979 


' 


263 


41996 


42012 


42029 


42046 


42062 


42078 


42095 


42111 


42127 


42144 


' 


264 


42160 


42177 


42193 


42210 


42226 


42243 


42269 


42276 


42292 


42308 




'265 


42325 


42341 


42357 


42374 


42390 


42406 


42423 


42439 


42455 


42472 


266 


42488 


42504 


42621 


42537 


42663 


42570 


42586 


42602 


42619 


42635 




267 


42651 


42667 


42684 


42700 


42716 


42732 


42749 


42765 


42781 


42797 




268 


42813 


42830 


42846 


42862 


42878 


42894 


42911 


42927 


42943 


42959 




269 


4297» 


42991 


43008 


43024 


43040 


43056 


43072 


43088 


43104 


43120 




270 


43136 


43162 


43169 


43186 


43201 


43217 


43233 


43249 


43265 


43281 


271 


43297 


43313 


43329 


43346 


43361 


43377 


43393 


43409 


43425 


43441 




272 


43457 


43473 


"4S189 


43506 


43621 


43637 


43553 


43669 


43684 


43600 




273 


43616 


43632 


43648 


43664 


43680 


43696 


43712 


43727 


43748 


43759 




274 


43775 


43791 


43807 


43823 


43838 


43864 


43870 


43886 


43902 


43917 


• 


275 


43933 


43949 


43965 


43981 


43996 


44012 


44028 


44044 


44059 


44075 


276 


44091 


44107 


44122 


44138 


44154 


44170 


44185 


44201 


44217 


44232 




277 


44248 


44264 


44279 


44296 


44311 


44326 


44342 


44368 


44373 


44389 




278 


44404 


44420 


44436 


44461 


44467 


44483 


44498 


U5li 


44529 


44645 




279 


44560 


44576 


44692 


44607 


44623 


44638 


4^1664 


44669 


44686 


44700 




No. 





1 2 1 


3 


4 6 1 6 


7 


8 


9 











LOGARITHMS OP NUMBERS. 










iNo. 2«00 3400. Log. 4471G 53148. 






No. 





1 


2 


3 i 4 


5 


(; 


7 8 


9 1 




280 


44716 


44731 


ui4n 


'W762i 44778 


41793 


44809 


44824 44840 


44855 1 






281 


44871 


44886 


44902 


44917 4-1932 


4-1948 


44963 


44979 


44994 


45010 






282 


45025 


450^10 


45056 


45071 46086 


15102 


45117 


45133 


45148 


45163 






283 


45179 


45194 


45209 


45225 


45240 


lo255 


45271 


45286 


46301 


45317 






284 


45332 


45347 


45362 


4537:5 


•15393 


45108 


45423 


45439 


45454 


45469 




285 


'15'W14 45500 45515 


455;J0 


455 1-5 


45561 


45576 


45591 


4560G 


45621 






286 


45637 45652 


4.'i(;67 


45682 


45697 


45712 


^15728 


45743 


45758 


46773 






287 


45788! 45803 


45318 


45834 


45849 


45364 


45879 


45894 


45909 


45924 






288 


45939 45954 


45969 


45984 


46000 


46015 


46030 


46045 


46060 


4G075 






289 


46090 46105 


46120 
46270 


461.35 


46150 -1616.51 


46180 


46195 


46210 


46226 




290 


462M) 


'16255 


4G285 


46300 


16315 


46330 


463^15 


46359 


46374 






291 


46389 


4^404 


46419 


46434 


46419 


46-164 


46479 


46494 


46509 


46523 






292 


46538 


'i6553 


•46568 


46583 


46598 


46613 


46627 


46642 


46657 


46672 






293 


46687 


46702 


46716 


46731 


46746 


46761 


4(>776 


46790 


46805 


46820 






294 


46835 


46850 


46864 


46879 


46891 


46909 


46923 


46938 


46953 


46967 




295 


^M)982 


46997 


47012 


47026 


47011 


47056 


47070 


47085 


47100 


47114 






296 


47129 


4714'!. 


47159 


47173 


47188 


47202 


47217 


47232 


47246 


47261 






297 


47276 


47290 


47305 


47319 


47334 


47349 


47363 


47378 


47392 


47407 






298 


47422: 47436 


47451 


47465 


47480 


47494 


47.509 


47524 


47638 


47563 






299 


47567i 475152 


47596 


47611 


47625 


47640 


476.54 


47669 


47683 


47698 




300 


477121 47727 


47741 


4775() 


47770 


47784 


47799 


47813 


47828 


47842 






301 


47857 47871 


47885 


47900 


47914 


47929 


47943 


47958 


47972 


47986 






302 


48001 


48015 


48029 


48044 


48058 


48073 


48087 


48101 


48116 


48130 






303 


48144 


48159 


48173 


48137 


48202 


48216 


48230 


48244 


48259 


48273 






304 


48287 48302 


48316 


48330 


48344 


48359 


48373 


48387 


48401 


48416 




305 


48430 


48444 


48458 


48473 


48487 


48501 


48516 


48630 


48544 


48558 






306 


48572 


48586 


48601 


48615 


48629 


48643 


48657 


48671 


48686 


48700 






307 


48714 


48728 


48742 


48756 48770 


48785 


48799 


48813 


48827 


48841 






308 


48855 


48869 


48883 


48897 


48911 


48926 


48940 


48954 


48968 


48982 






309 


48996 


49010 


49024 


49038 


49052 


49066 


49080 


49094 


49108 


49122 




310 


49136 


49150 


49164 


49178 


49192 


49206 


49220 


4923-1 


49248 


49262 






311 


49276 


49290 


49304 


49318 


49332 


49346 


49360 


49374 


49388 


49402 






312 


49416 


49429 


49443 


49457 


49471 


49485 


49499 


49513 


49527 


49541 






313 


49554 


49568 


49582 


49596 


49610 


49(124 


49638 


49651 


49665 


49G79 






314 


49693 


49707 


49721 


49734 


49748 


49762 


49776 


49790 


49803 


49817 




315 


49831 


49845 


49859 


49872 


49836 


49900 


49914 


49927 


49941 


49955 






316 


49969 


49982 


49996 


50010 


50024 


50037 


50051 


50065 


50079 


50092 






317 


50106 


60120 


50133 


50147 


50161 


50174 


50188 


50202 


50216 


50229 




' 


318 


50243; 50256 


60270 


50284 


60297 


50311 


50325 


60338 


50352 


50365 






319 


50379'; 50393 


50406 


50420 


50433 


50447 


60161 


60474 


50488 


50501 




320 


50515' 50529 


60542 


50556 


50.969 


50583 


50596 


60610 


60623 


60637 






321 


50651 


50664 


50678 


50691 


50705 


60718 


50732 


50745 


50769 


50772 






322 


50786 


50799 


50813 


60826 


50810 


50853 


50866 


50880 


50893 


50907 




1 

1 


323 


50920 


50934 


50947 


50961 


50974 


50987 


51001 


51014 


51028 


51041 




1 


324 


51055 


51068 


61081 


51095 


51108 


51121 


51135 


51148 


51162 


51176 




325 


51 188 


51202 


51215 


51228 


61212 


51255 


51268 


61282 


51293 


51308 






326 


61322 


51335 


51348 


51362 


51376 


61388 


6M02 


61416 


61428 


51441 




. 


327 


51455 


51468 


61481 


51495 


51608 


51521 


61534 


51548 


51561 


51574 




1 


328 


51587 


51601 


51614 


51627 


51640 


51654 


51667 


51680 


51693 


51706 




1 

1 ' 


329 


51720 


51733 


51746 
51878 


51759 


51772 


51786 


51799 


51812 


51826 


51838 




330 


51851 


51865 


51891 


51904 


51917 


51930 


51943 


61957 


' 51970 






331 


51983 


51996 


52009 


62022 


52033 


5204U 


52061 


52075 


5208£ 


5 52101 






332 


52114 


52127 


52140 


52153 


52166 


.5217iJ 


62195 


62205 


5221 ij 


t 52231 




• 


333 


52244 


52257 


62270 


52231 


52297 


52310J 52323 


. 62336 


5234S 


1 52362 




■ 


334 


52375 


52388 


52401 


52414 


52i27 


52410, 52453 


> 62466 


6247S 


) 62492 




335 


52504 


52517 


52530 


62543 


52.^.96 


52569 


5258a 


6259S 


52608 


5 52621 






336 


52634 


52647 


52660 


52673 


.52686 


52699 


52711 


52724 


52737 


^ 52760 






337 


52763 


52776 


52789 


52802 


52815 


52827 


52840 


6285.1 


52866 


; 52879 




• 


338 


52892 


52905 


62917 


529a0 


5294J 


52956 


52963 


62982 


62994 


t 53007 




; 


339 


53020 


53033 


630 16 


53058 


53071 


53084 


63097 


53110 


53122 53135 






No. 





1 


2 3 


4 


5 


6 


7 


8 1 9 

■ ■■ ■ 


„^ 





>o. 3*00 


—4000 










Lag. 63148- — —60206. I 




No. 


, " 


1 1 a 


~r~ 


4 


5 


6 17 


a 


9 






340 


53148 


53161 


53173 


53136 


63199 


53213 


53224 


53237 


"63250 


63263 




341 


63275 


63188 


53301 


63311 




53339 


6336! 


63364 


83377 


63390 






342 


63403 


63416 


63418 


53441 


5346; 


53466 


63179 


6349) 


53604 


63517 






313 


63539 


635ti 


63565 


63567 


53580 


63593 


63606 




63631 


53643 






3M 


53656 


53668 


53681 


63G94 


63T06 


63719 


63733 


5374' 




63769 






345 


63783 


63794 


63807 


63820 


65832 


63846 


63867 


53B70 


13882 


63395 




346 


33We 


53990 


5393» 


63946 


639«8 


6^70 


63983 


63995 


54003 


54020 






347 


34033 


64045 


64068 


61O70 


640«3 


54095 


6410S 




64133 


64145 






343 




54170 


64183 


64195 


6420B 


64230 


54233 


54345 


64251 


64270 






349 


S4383 


51295 


64307 


51320 


51332 


51345 


51357 


51370 




51394 




360 


S4407 


51119 


64432 






51t69 


54-181 


5149. 


64606 


54518 






5463: 


54613 


64555 




54680 




54606 




64630 


54642 






353 




64667 


64679 


54691 


54704 


64716 


54728 




64753 


64765 






363 


3477 


64790 


64303 


64814 


51it27 


64839 




54864 


64876 


64888 






364 


64900 


61913 


51925 


64937 


51949 


54963 


54974 


61936 


5499S 


66011 




365 


56023 


55035 


66047 




55072 




56096 




55121 


56133 




356 


55145 


65167 


55169 


5518! 


55191 


66206 


55318 


56230 


55342 


55356 






357 


55*67 


55279 


55291 


65303 


55315 


56328 


55340 


56352 


65364 


66376 






363 




55400 


66413 


56*25 


56437 


55449 


55461 


65473 


55485 


66197 






369 


G36Q9 


555S2 


66534 


65616 


55568 


66570 


65682 


66594 


55606 


66618 






55630 


65642 


6666+ 


556GG 


55678 


55691 




65715 


55727 


55739 






6675: 


5S763 


65776 


66787 


55799 


66811 




56836 


65317 


65859 






362 




56833 


66896 


66907 


55919 


65931 


55913 


55956 


56967 


65979 






3G3 




5G003 


S6015 


56027 


56038 


56060 


56063 


66074 


56086 


66093 






3fi4 


56110 


56123 


66134 


66146 


56168 


56170 


56132 


66194 


56205 


66217 




36j 


66339 


56211 


6626: 


56266 


"56377 


56289 


56301 


56313 


56334 


56336 




36fi 


66348 


56360 




56384 


56396 


66407 


66419 


66431 


56443 


56455 








66467 


56178 


66190 


66502 


56614 


66536 


56538 


56549 


56561 


66573 






363 


66586 


56597 


66608 


66620 


56632 


66G44 


66656 


56667 


66679 


66691 






36M 


S6703 


66714 


66726 


66738 


66760 


56761 


66773 


5678S 


56797 


56B03 






370 


76820 


56833 


56344 


66865 


56867 


56879 


56391 


66902 


66911 


56926 




371 


66937 


66949 


66961 


56972 


66934 


66996 


570O8 


57019 


57031 


57043 






373 


67054 


67066 


57078 


57089 


67101 


57113 


67124 


57136 


57148 


57169 






373 


67171 


67183 


67194 


57206 




57229 


67241 


57252 


67364 


57876 






374 


57387 


6TS99 


67310 


57322 


5733' 


6734S 


67367 


57368 


57380 


57392 






376 


57403 


67416 


67136 


674M 


57449 


67461 


17473 


17484 


67491 


67507 




3715 


57519 


57630 


67542 


57553 


57565 


57676 


67688 


57600 




57623 






377 


67634 


57,646 


67667 


57669 


67680 


57692 


67703 


57715 


57731 


57738 






378 


57749 


57761 




57784 


BT795 


57807 


57818 


67330 


57S41 


6785! 






379 


57864 




67887 


67898 




57921 


57933 


67944 


57965 


57967 






380 


TW78 


"67990 


58001 


63013 


68021 


58036 




68058 




68081 




381 


63093 




58115 


53137 


58138 


63149 


681G1 


68171 


581B4 


68195 








58206 


68218 


58229 


58240 


58282 


68263 




68286 


68397 


58309 






383 


58320 


58331 


58343 


6B36-1 


68365 


58377 




53399 


58410 


58422 








68433 




68466 


68167 




58490 


5S501 




58624 


5353S 






386 






58569 


"68880 


58691 


58602 


53611 


58625 




88617 




386 


63669 




58681 


58692 


58704 


68715 


58736 


58737 


58711 


53760 






387 


68771 




58794 


5BB05 




68327 


68833 


6B850 


6B36I 


58872 








588B3 


58894 


58906 


5K917 


6892! 


58939 




68961 


53973 


58984 






389 


68995 




59017 


59028 




59051 


59063 


59073 


590B4 


59096 






3H0 


69106 




59129 


69140 


59151 


69162 


59173 


59181 




59207 




391 


59218 




59210 


59251 


59263 




59284 


59295 


69306 


59318 






392 


59329 




59351 


59362 


59373 






69106 


69417 


59128 






393 


69439 


59450 


59461 


59472 


59183 


69494 






59523 


59539 






394 


59560 


59561 


69672 


695S3 


59594 


69605 


5961G 


59627 


69638 


69649 






396 


59660 


"59671 


69632 


69693 


69704 


59715 


59726 


59737 


"59748 


59759 




396 


59770 


6tn80 


69791 


69802 


59813 


59324 


59336 


59846 


59B57 








397 


59E79 


59890 


59901 


59912 


69923 


59931 


59946 


59956 


599GE 


69977 






398 


59988 


5999! 


60010 


60021 


60032 


60043 




60065 


60076 


60086 






399 


60097 




60119 


60130 


60141 


60152 


60163 


60173 


60184 


60196 







Ho. 





ZaTI 


» 


_* 


4 





6 


7 


^8^ 


it 



LOGARITHMS OF NUMBKHS. 



No. 4000- 



-4600. 



Log. 6020& 



-662: 



No. 



400 
401 
402 
403 
404 



406 
406 
407 
408 
409 



410 
411 
41S 
413 
414 



416 
416 
417 
418 
419 



420 
421 
422 
423 
424 



426 
426 
427 
428 
429 



430 
431 
432 
433 
434 



436 
436 
437 
438 
439 



440 
441 
442 
443 
444 



446 

446 
447 
448 
449 



460 
461 
462 
463 
464 



466 
466 
467 
468 
469 



2 



602061 60217 602281 60239' C0249 602G0 



60314 
60423 
60631 
60638 



60746 
60863 
60969 
61066 
61172 



60326 
60433 
60641 
60649 



60336 
60444 
60662 
G0660 



61278 
61384 
61490 
61696 
61700 



61806 
61909 
62014 
62118 
62221 



60766 
60863 
60970 
61077 
61183 



60347 
60466 
60663 
60670 



61289 
61395 
61600 
61606 
61711 



62326 
62428 
62631 
62634 
62737 



62839 
62941 
63043 
63144 
63246 



61816 
61920 
62024 
62128 
62232 



60767 
60874 
60981 
61087 
61194 



61300 
61406 
61611 
61616 
61721 



60778 
60886 
60991 
61098 
61204 



61310 
6141G 
61621 
61627 
61731 



61826 61836 



61930 
6203^1 
62138 
62242 



62336 
62439 
62642 
62644 
62747 



63347 
63448 
63648 
63649 
63749 



No. 



63849 
63949 
64048 
64147 
64246 



62849 
62961 
63063 
63166 
63266 



6234G 
62449 
62562 
G2665 
62767 



61941 
62046 
62149 
62262 



60358 603G9 



604G6 
60374 
G0681 



G0788 
60895 
61002 
61109 
G1216 



60477 
60684 
G0692 



60799 
60906 
61013 
61119 
61225 



7 8 



G0271 

60379! 

60487| 

60695 

60703 



60282 
60390 
60498 
60608 
60713 



61321 
6142G 
61632 
61G37 
61742 



63367 
63468 
63668 
63669 
63769 



64346 
64444 
64642 
64640 
64738 



64836 
64933 
66031 
66128 
66226 



66321 
66418 
65614 
66610 
65706 



66801 
66896 
66992 
66087 
66181 







63869 
63969 
64068 
64167 
64266 



64365 
64464 
64662 
64650 
64748 



64846 
64943 
66040 
66137 
66234 



62859 
G2961 
63063 
63166 
63266 



6235G 
G2459 
G2562 
62666 
62767 



61847 
61951 
62056 
62159 
62263 



61331 
61437 
61542 
61648 
61762 



62366 
62469 
62572 
62G75 
62778 



61867 
61962 
62066 
62170 
62273 



62870 62880 
629721 62982 
63073 63083 



62377 
G2480 
62683 
62686 
62783 



60810 
60917 
G1023 
61130 
61236 



61342 
61448 
61653 
61668 
61763 



61 868 
61972 
62076 
62180 
62284 



60821 
60927 
61034 
61140 
61247 



61362 
61468 
61663 
61669 
61773 



63175 
63276 



63367 
63468 
63568 
63669 
63769 



63869 
63969 
64068 
64167 
64266 



64365 
64464 
64662 
64G60 
64768 



66331 
66427 
66523 
66619 
66715 



G5811 
66906 
66001 
G6096 
66191 



64856 
64953 
65050 
65147 
65244 



63377 
63478 
63679 
63679 
63779 



63879 
63979 
64078 
64177 
64276 



64375 
64473 
64672 
64670 
64768 



65341 
65437 
66533 
66629 
65725 



66820 
65916 
66011 
66106 
66200 



64865 
64963 
66060 
66157 
66254 



63185 
63286 



63387 
63488 
63589 
63689 
63789 



63889 
63988 
64088 
64187 
64286 



62890 
62992 
63094 
63195 
63296 



62387 
G2490 
62593 
62696 
62798 



61878 
61982 
62086 
62190 



60293 
60401 
60509 
60617 
60724 



60831 
60988 
61046 
61151 
61S07 



61363 
61469 
61574 
61679 
61784 



61886 
61993 
62097 
62201 



63397 
G3498 
G3699 
63699 
63799 



64386 
64483 
64582 
64G80 
64777 



66360 
65447 
65543 
66639 
65734 



6583U 
C5925 
66020 
66115 
66210 



64875 
q4972 
65070 
66167 
G5263 



G53G0 
65456 
65552 
65648 
65744 



2 



a 



65839 
6«036 
6605C 
66124 
66219 



63899 
63998 
64098 
64197 
64296 



62900 
63002 
63104 
63206 
63306 



63407 
63608 
63G09 
63709 
63809 



64396 
64493 
64591 
64689 
64787 



64885 
64982 
65079 
65176 
66273 



65369 
66466 
65562 
65658 
65758 



63909 
64008 
64108 
64207 
64306 



62397 
62600 
62603 
62706 
62808 



60304 
60412 
60920 
60627 
60735 



6084S 
60949 
61086 
61162 
61268 



61374 

61479 

61684 

61690 

6I7M 



62294 62304 



62408 
62511 
62613 
62716 
62818 



61899 
62003 
62107 
62211 
623U 



62910 
63012 
63114 
63216 
63317 



63417 
63618 
63619 
63719 
63819 



62921 
63022 
63124 
63SS5 
63327 



6241B 
626SI 
62614 
62728 
62829 



629S1 
63083 
63134 
63236 
63337 



63428 
63528 
63629 
63729 
63829 



64404 
64603 
64601 
64699 
64797 



64895 
64992 
66089 
66186 
66283 



65849 
66944 
^f:039 
661^-" 
66229 



66379 
66475 
65671 
65667 
66763 



63919 
64018 
64118 
64217 
64316 



64414 
64613 
64611 
64709 
64807 



64904 
66002 
66099 
66196 
66292 



66868 
66954 
66049 
66143 
66238 



66389 
66485 
65681 
66677 
66772 



63929 
64028 
64128 
64227 
64326 



63438 
63638 
63639 
63739 
63839 



63939 
64038 
64137 
64237 
64335 



64424 
64623 
64621 
64719 
64816 



64914 
66011 
66108 
66205 
66302 



65868 
66963 
66058 
66163 
66247 



66398 
66496 
65691 
66686 
66782 



64434 
64532 
64631 
64729 
64826 



649M 
66021 
65118 
66215 
66312 



66408 
66604 
66600 
66696 
66792 



66877 
66973 
66068 
66162 
66267 



8 



66887 
65982 
66077 
66173 
66266 



/ 




/ 



LOGARITHMS OP NUMBEIIS. 



460U- 



-5'2()0. 



liOg. t;Gii7(j- 



-71G00. 







66276 
66370 
66464 
665d8 
66652 



667-k> 
668311 
66932 
67025 
67117 



67210 
67302 
6731)4 
67486 
67.1-78 



67669 
67761 
67052 
67943 
68034 



68121 
68215 
68305 
68395 
68485 



68574 
68664 
68753 
68842 
68931 



1 



o 



66285 
6638U 
66474 
()6567 
66661 



66755 
66848 
66941 
6703-1 
67127 



67219 
67311 
67403 
67495 
67587 



67679 
67770 
67861 
67952 
68043 



68133 
68224 
68314 
68404 
68494 



68583 
68673 
68762 
68851 
68940 



r6295 
06389 
(;()483 
66577 
66671 



4 I 



7 I 8 



6630-t! 
66398 
66492 
66586 
06680 



66764 
66857 
66950 
670-13 
671 36 

'672'28 
67321 
67413 
67504 
67596 



66773 
66867 
66960 
67052 
67145 



66314 
66408 
66502 
66596; 
66689 



66117 
66511 
GCGOo 
66699 



67237 
67330 
67422 
67514 
67605 



67688 
67779 
67870 
67961 
68052 



68142 
68233 
68323 
68413 
68502 



69020 
69108 
* 69197 
69285 
69373 



69461 
69548 
69636 
69723 
69810 



69897 
69984 
70070 
70157 
70243 



70329 
70415 
70501 
70586 
70672 



69028 
69117 
69205 
69294 
69331 



69469 
69557 
69644 
69732 
69819 



69906 
69992 
70079 
70165 
70252 



70757 
70842 
70927 
71012 
71096 



I 



71181 
71265 
71349 
71433 
71617 



70338 
70424 
70.509 
70595 
70680 



68592 
68681 
68771 
68860 
68949 



69037 
69126 
69214] 
69302 
69390 



69478 
69566 
69653 
69740 
69827 



69914 
70001 
70088 
70174 
70260 



70766 
70851 
70935 
71020 
71105 



"I 



71189 
71273 
71357 
71441 
71525 

J 



703-16 
70432 
70518 
70603 
70689 



67697 
67788 
67879 
67970 
68061 



68151 
68242 
68332 
68422 
68511 



68601 
68690 
68780 
68869 
68958 



69046 
69135 
69223 
69311 
69399 



69487 
69574 
69662 
69749 
69836 



66783 
66876 
66969 
67062 
67154 

67247 
67339 
67431 
67523 
67614 



67706 
67797 
67888 
67979 
68070 



68160 
68251 
68341 
68431 
68520 



68610 
68699 
68789 
68878 
68966 



69055 
69144 
69232 
69320 
69408 



66792 
66885 
66978 
67071 
67164 



6725(; 
67348 
67440 
67532 
67624 



67715 
67806 
67897 
67988 
68079 



68169 
68260 
68350 
68-140 
68529 



68619 
68708 
68797 
68886 
68975 



69064 
69152 
69241 
69329 
69417 



69923 
70010 
70096 
70183 
70269 



70774 
70859 
70944 
71029 
71113 



71198 
71282 
71366 
71450 

71533 

1. 

2 I 



70355 
70-111 
70526 
70612 
70697 



70783 
70868 
70952 
71037 
71122 



69496 
69583 
69671 
69758 
69845 



69932 
70018 
70105 
70191 
70278 



70364 
70449 
70535 
70621 
70706 



71206 
71290 
71374 
71458 
715-12 



70791 
70876 
70961 
71046 
71130 



69501 
69592 
69679 
69767 
69854 



69940 
70027 
7011-1 
70200 
70206 



70372 
70158 
70544 
70629 
70714 



6(J332 
66127 
66521 
66614 
66708 



66801 
(H>894 
66987 
67080 
67173 



67265 
67357 
67449 
67541 
67633 



6772-1 
67815 
67906 
67997 
68088 



T 



71214 

71299 
71383 
7144)6 
71550| 



70800 
70885 
70969 
71054 
71139 



71223 
71307 
71391 
71475 
71559 



5 



68178 
68269 
68359 
68449 
68538 



68628 
68717 
68806 
68895 
68984 



69073 
69161 
69249 
(;9338 
69-125 



69513 
69601 
69688 
69775 
69862 



69949 
70036 
70122 
70209 
70295 



70381 
70467 
70552 
70638 
70723 



r)6342 
66436 
66530 
66624 
66717 



66811 
66904 
66997 
67089 
07182 



67274 
67367 
67459 
67550 
67642 



67733 
67825 
67916 
68006 
60097 



68187 
68278 
68368 
68458 
68547 



68637 
68726 
68815 
68904 
68993 



69082 
69170 
69258 
69346 
6943^1 



69522 
69609 
69697 
69784 
69871 



69958 
70044 
70131 
70217 
70303 



70389 
7a475 
70561 
70646 
70731 



70808 
70093 
70978 
71063 
71147 

71 231 
71315 
71399 
71483 
71567 

"li : 



66351 
66445 
66539 
66633 
66727 



66820 
66913 
67006 
67099 
67191 



67284 
67376 
67468 
67560 
67651 



67742 
6783-1 
67926 
68016 
68106 



68196 
68287 
68377 
68467 
68556 



68646 
68735 
68824 
68913 
69002 



9 



66361 
66455 
66549 
66642 
66736 



66829 
66922 
67015 
67108 
67201 



67293 
67385 
67477 
67569 
67660 



67752 
67843 
0793^1 
68024 
68115 



68206 
68206 
68386 
68476 
68565 



6^655 
68744 
68833 
68922 
69011 



69090 
69179 
69267 
69355 
69443 



69099 
69188 
69276 
69364 
69452 



69531 
69610 
69705 
69793 
69800 



69966 
70053 
70140 
70226 
70312 



70398 
70484 
70569 
70665 
70740 



70817 
70902 
70986i 
710711 
711551 



70825 
70910 
70995 
71079 
71164 



69539 
69627 
69714 
69301 
69888 



69975 
70062 
70148 
70234 
70321 



70406 
70492 
70578 
70663 
70749 



70834 
70919 
71003 
71088 
71172 



712-10 
71324 
71408 
71492 
71575; 



71248 
71332 
71416 
71500 
71584 



71257 
71311 
71425 
71508 
71592 



9; 



LOGARITHMS OF NUMBERS. 



No. 6200 5800. 








Log. 71600 76343. 




No. 


1 


1 1 :2 


3 


4 


5 


6 


7 


8 


9 


520 


i 71600 


71609 


71617 


71625 


71634 


71642 


71650 


• 71659 


71667 


71675 




521 


71684 


71692 


71700 


71709 


71717 


71725 


71734 


71742 


71760 


71759 




522 


71767 


71775 


71784 


71792 


71800 


71809 


71817 


71825 


71834 


7184S 




523 


71850 


71858 


71867 


71875 


71833 


71892 


71900 


71908 


71917 


719Z5 




524 


71933 


71941 ; 71950 


71958 


71966 


71975 


71983 


71991 


71999 


72008 


525 


72016 


72024 


72032 


72041 


72049 


72037 


72066 


72074 


72082 


72090 




526 


72099 


72107 


72115 


72123 


72132 


72140 


72148 


72166 


72165 


72173 




527 


72181 


72189 


72198 


72206 


72214 


72222 


72230 


72239 


72247 


72S5£ 




528 


72263 


72272 


72280 


72288 


72296 


72304 


72313 


72321 


72329 


72331 




529 


72346 


72354J 72362 


72370 


72378 


72387 


72395 


72408 


72411 


7241S 


530 


72428 


72436, 72444 


72452 


724«0 


72469 


72477 


72485 


72493 


72501 




531 


72509 


72518 


7252C 


72534 


72542 


72550 


72558 


72567 


72575 


72582 




532 


72591 


72599 


72607 


72616 


72624 


72632 


72640 


72648 


72656 


12661 




533 


72673 


72681 


72689 


72697 


72705 


72713 


72722 


72730 


72738 


ivtu 




534 


72754 


72762 


72770 


72779 


72787 


72795 


72803 


72811 


72819 


7282^ 


535 


72835 


72843 


72852 


72860 


72868 


72876 


72884 


72892 


7290(^ 


7290f 




536 


72916 


72925 


72933 


72941 


72949 


72957 


72965 


72973 


72981 


7298£ 




687 


72997 


73006 


73014 


73022 


73030 


73038 


73046 


73054 


73062 


7307C 




538 


73078 


73086 


73094 


73102 


73111 


73119 


73127 


73136 


73143 


73161 




539 


73159 


73167 


73175 


73183 


73191 


73199 


73207 


73215 


732U3 


73231 


540 


73239 


73247 


73255 


73263 


73272 


7328(^ 


73288 


73296 


73304 


73319 




541 


73320 


73328 


73336 


73344 


73352 


73360 


73368 


73376 


73384 


7339S 




543 


73400 


73408 


73416 


73424 


73432 


73440 


73448 


73456 


73464 


73472 




543 


73480 


73438 


73496 


73504 


73512 


73520 


73528 


73636 


73544 


73568 




544 


73560 


73568 


73576 


73584 


73392 


73600 


73608 


73616 


7362^ 


73632 


545 


73640 


73648 


73656 


73664 


73672 


73679 


73687 


73695 


73703 


73711 




546 


73719 


73727 


78735 


73743 


73751 


73759 


73767 


73775 


73783 


73791 




547 


73799 


73807 


73815 


73823 


73830 


73838 


73846 


73854 


73862 


73870 




548 


73878 


73886 


73894 


73902 


73910 


73918 


73926 


73933 


73941 


7394S 




549 


73957 


73966 


73973 


73981 


73989 


73997 


74005 


74013 


74020 


74QSC 


550 


74036 


74044 


74052 


74060 


74068 


74076 


74084 


74092 


74099 


74101 




651 


74115 


74123 


74131 


74139 


74147 


74155 


74162 


74170 


74178 


741ffi 




652 


74194 


74202 


74210 


74218 


74225 


74233 


74241 


74249 


74257 


74262 




553 


74273 


74280 


74288 


74296 


74304 


74312 


74320 


74327 


74335 


7434: 




554 


74351 


74359 


74367 


74374 


74382 


74390 


74398 


74406 


74414 


744SJ 


555 


74429 


74437 


7'W45 


74453 


74461 


7']468 


74476 


74484 


74492 


7450( 




55G 


74507 


74516 


74523 


74531 


74539 


74547 


74554 


74562 


74570 


7467J 




557 


7458G 


74593 


74601 


74609 


74617 


74624 


74632 


74640 


74648 


7465< 




558 


74663 


74671 


74679 


74687 


74695 


74702 


74710 


74718 


74726 


747* 




550 


74741 


74749 


74757 


74764 


74772 


74780 


74788 


74796 


74803 


7481J 


560 


74819 


74827 


74834 


74842 


74830 


74858 


74863 


74873 


74881 


7488! 




561 


7489G 


74904 


74912 


74920 


74927 


74936 


74943 


74950 


74958 


7496< 




662 


74974 


74981 


74989 


74997 


75003 


75012 


75020 


76028 


75035 


75042 




563 


75051 


75059 


7506G 


75074 


75082 


75089 


73097 


75105 


75113 


751« 




564 


75128 


75136 


75143 


75151 


75159 


75166 


75174 


75182 


76189 


75191 


565 


75205 


75213 


73220 


76228 


75236 


75243 


73251 


75259 


76266 


76274 




566 


75282 


75289 


75297 


75306 


73312 


75320 


73328 


76335 


75343 


75351 




567 


75358 


75366 


75374 


75381 


73389 


75397 


75404 


75412 


76420 


764K 


■ 


568 


75435 


75442 


75450 


75458 


75465 


76473 


75481 


75488 


75496 


765W 




569 


75511 


75519 


75526 


75634 


76642 


75549 


75557 


75565 


75572 


7658( 


670 


75587 


75595 


75603 


76610 


75618 


75626 


75633 


75641 


75648 


75666 




571 


75664 


75671 


75679 


75686 


75694 


75702 


75709 


75717 


75724 


7673S 




572 


75740 


75747 


75756 


75762 


76770 


75778 


75785 


75793 


75800 


76808 




573 


75815 


75823 


75831 


75838 


75846 


75863 


75861 


75868 


75876 


75884 




574 


75891 


75899 


75906 


75914 


75921 


76929 


75937 


75944 


75962 


7595S 


575 


75967 


75974 


75982 


76989 


76997 


76005 


76012 


76020 


76027 


76032 




576 


76042 


76050 


76057 


76065 


76072 


76080 


76087 


76095 


76108 


7611(] 




577 


76118 


76125 


76133 


76140 


76148 


76166 


76163 


76170 


76178 


76180 




578 


76193 


76200 


76208 


76216 


76223 


76230 


76238 


76245 


76253 


7626C 




579 


76268 


76275 


76283 


76290 


76298 


76306 


76313 


76320 


76328 


76332 


< 

' r r 


Ko. 





1.21 


3 


4 


5 


6 


7 


8 


9 




LOGARITHMS OF NUMBERS. 



No. 5800 


— 6400. 






Log. 76343 


, i 


30613. i 


/ iVo. 





1 


1 '^ 


3 


4 


5 


6 


7 


8 


9 


1 


/ 


d80 


76343 


76350 


76368 


76365 


76373 


76380 


76388 


76395 


76403 


76410 


/ d81 


76418 


76425 


76433 


76440 


76448 


76455 


76462 


76470 


76477 


76485 




/ ^8S 


76492 


76500 


76507 


76515 


76522 


76530 


76.537 


76545 76552 


76559 




/ 683 


76567 


76574 


76582 


76.'389 


76597 


766a4 


76612 


76619 


76626 


76634 




/ ^84 


76641 


766i9 


76656 


76664 


76671 


76678 


76686 


76693 


76701 


76708 




,^85 


76716 


76723 


76730 


76738 


76746 


767531 


76760 


76768 


76776 


7G782 


,586 


76790 


76797 


7G305 


76812 


76819 


76827 


76834 


76842 


76849 


76856 




,587 


76864 


76871 


76879 


76886 


76893 


76901 


76908 


76916 


76923 


76930 




^388 


7693:) 


769 to 


76963 


76960 


76967 


76975 


76982 


76989 


76997 


77004 




,589 


77012 


77019 


770*26 


7703 1 


77041 


770^48 


77066 


77063 


77070! 77078 




590 


7708J 


77093 


77100 


77107 


77115 


77122 


77129 


77137 


77144 


77151 


,591 


77159 


77166 


77173 


77181 


77188 


77195 


77203 


77210 


77217 


77225 




592 


77232 


77240 


77247 


77254 


77262 


77269 


77276 


77283 


77291 


77298 




593 


77305 


77313 


77320 


77327 


77335 


77342 


77349 


77357 


77364 


77371 




594 


77379 


77386 


77393 


77401 


77408 


77415 


77422 


77430 


77437 


77444 




595 


77452 


77459 


77466 


77474 


77481 


77488 


77495 


77503 


77510 


77517 


596 


77525 


77532 


77539 


77546 


77554 


77561 


77568 


77576 


77583 


77590 




597 


77597 


77605 


77612 


77619 


77627 


77634 


77641 


77648 


77656 


77663 




1 £98 


77670 


77677 


77685 


77692 


77699 


77706 


77714 


77721 


77728 


77735 




\ -699 


77743 


77750 


77757 


77764 
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1 ntr RRORI i— 


-91381. 


-i 


Jk1«#a WX, 


'W vww 








No. 1 


1 1 


2 1 3 1 4 1 5 1 


6 


7 


8 


9 






760 


88081 


88087 


88093 


88098 


88104 


88110 


88116 


88121 


88IS7 


88153 




761 


88138 


88144 


88150 


88156 


88161 


88167 


88173 


88178 


S8184 


88190 






762 


88196 


88201 


88207 


88213 


88218 


88224 


88230 


88235 


88241 


88S47 






763 


88262 


88258 


88264 


88270 


88275 


88281 


88287 


88292 


88298 


88304 






764 


88309 


88315 


88321 


88326 


88332 
88389 


88338 


88343 


88349 


88366 


88360 




766 


88366 


88372 


88377 


88383 


88395 


88400 


88406 


88412 


88417 




766 


88423 


88429 


88434 


88440 


8844G 


88451 


88457 


88463 


88468 


88474 






767 


88480 


88486 


88491 


88497 


88502 


88508 


88513 


88619 


886S6 


88630 






768 


88636 


88542 


88547 


88553 


88559 


88564 


88570 


.18576 


88681 


88687 






769 


88593 


88598 


88604 


88610 


R8615 


88621 


88627 


88632 


88G38 


88643 




770 


88649 


88665 


88660 


88666 


t;a672 


88677 


88683 


88689 


88694 


88700 






771 


88706 


88711 


88717 


88722 


88728 


88734 


88739 


88746 


887601 


88766 






Tift 


88762 


88767 


88773 


88779 


88784 


88790 


88795 


88801 


888071 


88812 






T73 


88818 


88824 


88829 


88836 


88840 


88846 


88852 


88867 


88869 


88868 






T74 


88874 


88880 


88885 


88891 


88897 


88902 


88908 


88913 


88919 


889U 




776 


88930 


88936 


88941 


88947 


88953 


88968 


88964 


88969 


88976 


88981 






776 


88986 


88992 


88997 


89003 


89009 


89014 


89020 


89026 


89031 


89037 






777 


89042 


89048 


89063 


89069 


89064 


89070 


89076 


89081 


89087 


8909S 






'778 


89098 


89104 


89109 


89116 


89120 


89126 


89131 


89157 


89145 


89148 






779 


89164 


89159 


89165 


89170 


89176 


89182 


89187 


89193 


89198 


89204 




780 


89209 


89216 


89221 


89226 


89232 


89237 


89243 


89248 


89254 


89260 






781 


89266 


89271 


89276 


89282 


89287 


89293 


89298 


89304 


89510 


89315 






788 


89321 


89326 


89332 


89337 


89343 


89348 


89354 


89360 


89366 


89371 






785 


89376 


89382 


89387 


89393 


89398 


89404 


89409 


89416 


894S1 


89426 






784 


89432 


89437 


89443 


89448 


89454 


89459 


89466 


89470 


89476 


89481 




785 


89487 


89492 


89498 


89504 


89509 


89515 


89520 


89626 


89651 


89557 






786 


89542 


89548 


89653 


89559 


89564 


89570 


89576 


89681 


89686 


89692 






787 


89697 


8960^ 


89609 


89614 


89620 


89625 


89631 


89636 


89642 


89647 






788 


89663 


89668 


89664 


89669 


89675 


89680 


89G86 


89691 


89697 


8970S 






789 


89706 


89713 


89719 


89724 


89730 


89735 


89741 


89746 


89762 


89757 




790 


89763 


89768 


89774 


89779 


89786 


89790 


89796 


89801 


89807 


8981S 






791 


89818 


89823 


89829 


89834 


89840 


89845 


89851 


89866 


89862 


89867 






792 


89873 


89878 


89883 


89889 


89894 


89900 


89906 


89911 


89916 


89922 






795 


89927 


89933 


89938 


89944 


89949 


89955 


89960 


89966 


89971 


89977 






794 


89982 
90037 


89988 


89993 


89998 


90004 


90009 


90016 


90020 


90026 


90031 




795 


90042 


90048 


90053 


90059 


90064 


90069 


90075 


90080 


90086 






796 


90091 


9qp97 

90151 


90102 


90108 


90113 


90119 


90124 


90129 


90136 


90140 






797 


90146 


90167 


90162 


90168 


90173 


9017S 


90184 


90189 


90195 




1 


798 


90200 


90206 


90211 


90217 


90222 


90227 


90233 


90238 


90244 


90249 






799 


90266 


90260 


90266 


90271 


90276 


90282 


90287 


90293 


90298 


90504 




800 


90309 


90314 


90320 


90325 


90331 


90336 


9034S 


90347 


90362 


90568 






801 


90363 


90369 


90374 


90380 


90385 


90390 


90396 


90401 


90407 


90413 






802 


90417 


90423 


90428 


90434 


90439 


90445 


9045C 


90465 


90461 


90466 






805 


90472 


90477 


90482 


90488 


90493 


90499 


9060^ 


90509 


90516 


90620 




■ 


804 


90526 


90631 


90536 


90642 


90547 


90553 


9055S 


90563 


90669 


90574 




806 


90680 


90585 


90590 


90596 


90C01 


90607 


90612 


> 90617 


90623 


90628 




k 


806 


90634 


90639 


90644 


90650 


90655 


90660 


90666 


» 90671 


90677 


90682 






807 


90687 


90693 


90698 


90703 


90709 


90714 


9072(] 


90725 


90730 


90756 






808 


90741 


90747 


90752 


90757 


90763 


90768 


90773 


90779 


90784 


90789 






809 


90796 


90800 


90806 


90811 


90816 


90822 


90827 


90832 
90886 


90838 


90845 




810 


90849 


90854 


90859 


90865 


90870 


90875 


90881 


90891 


90897 






811 


90902 


90907 


90913 


90918 


90924 


90929 


90934 


^ 90940 


90945 


90960 






812 


90966 


90961 


90966 


90972 


90977 


90982 


90989 


90993 


90998 


91004 






813 


91009 


91014 


91020 


91025 


91030 


91036 


91041 


91046 


91052 


91067 






814 


91062 


91068 


91073 


91078 


91084 


91089 


91094 


91100 


91105 


91110 




816 


91116 


91121 


91126 


91132 


91137 


91142 


91148 


91153 


91158 


91164 






816 


91169 


91174 


91180 


91185 


91190 


91196 


91201 


91206 


91212 


91217 






817 


91222 


91228 


91233 


91238 


91243 


91249 


91254 


91259 


91266 


91270 






818 


91275 


91281 


91286 


91291 


91297 


91302 


91307 


91312 


91318 


91323 






819 


91328 


91334 


91339 


91344 


91350 


91365 


91360 


91366 


91371 


91376 




No. 





1 ! 2 


3 


4 


6 


6 


7 


8 


9 





/ 



LOGARITHMS OF NUMBERS. 





Na o«nn Qfl 


00. 












Log.! 


91381- 


.OilAAn 




A^V. V4^V^ 






^ 


Mo. 





I 


2 


3 


4 1 


5 


6 1 


7 I 


8 


9 






820 


91381 


91387 


91392 


91397 


91403 


9140i) 


91413i 91418 


91424 


91429 




821 


914Si 


91440 


914^ 


91450 


91455 


91461 


91466 


91471 


91477 


91482 






8S2 


nan 


91492 


91498 


91503 


91508 


91514 


91519 


91524 


91529 


91535 






8S3 


91540 


91545 


91551 


91.156 


91561 


91566 


915'J2 


91577 


91582 


91587 






824 


91593 


91598 


91603 


91609 


91614 


91619 


91624 


91630 


91635 


91640 






825 


91645 


91651 


91656 


91661 


91666 


91672 


91677 


91682 


91687 


91693 






826 


91698 


91703 


91709 


91714 


91719 


91724 


91730 


91736 


91740 


91745 






827 


91751 


91756 


91761 


91766 


91772 


91777 


91782 


91787 


91793 


91798 






828 


91803 


91808 


91814 


91819 


91824 


911)29 


9rjr>4 


91844) 


91846 


91850 






829 


91855 


91861 


91866 


91871 


91876 


91882 


91887 


91892 


91897 


91903 






830 


9190« 


91913 


91918 


91924 


91929 


91934 


91939 


91941 


91J)50 


91955 






831 


91960 


91965 


91971 


91976 


91981 


91986 


91991 


91997 


92002 


92007 






832 


92012 


92018 


92023 


92028 


92033 


92038 


92044 


92049 


92054 


92059 






833 


92066 


92070 


92075 


92080 


92085 


92091 


92096 


92101 


92106 


92111 






834 


92117 


92122 


92127 


92132 


92137 


92143! 92148 


92153 


92158 


92163 






835 


92169 


92174 


92179 


92184 


92189 


92195 


92200 


922U5 


92210 


92215 






836 


92221 


92226 


92231 


92236 


92241 


92247 


92252 


92257 


92262 


92267 






837 


92273 


92278 


92283 


92288 


92293 


92298 


92304 


92309 


92314 


92319 






838 


92324 


92330 


92335 


92340 


92345 


92350 


92355 


92361 


92366 


92371 






839 


92376 


92331 


92387 


92392 


92397 


92402 


92107 


92412 


92418 


92423 






840 


92428 


92433 


92438 


92443 


92449 


92*54 


92459 


92464 


92469 


92474 






841 


92480 


92485 


92490 


92495 


92500 


92505 


92511 


92516 


92521 


92526 






842 


92531 


9253G 


92542 


92547 


92552 


92557 


92562 


92567 


92572 


92578 






843 


92583 


92588 


92593 


92598 


92603 


92609 


92614 


92619 


9262'! 


92629 






844 


92634 


92639 


92645 


92650 


92655 


92660 


92666 


92670 


92675 


92681 






845 


92686 


92691 


92696 


92701 


92706 


92711 


92716 


92722 


92727 


92732 






846 


92737 


92742 


92747 


92752 


92758 


92763 


92768 


92773 


92778 


92783 






847 


92788 


92793 


92799 


92804 


92809 


92814 


92819 


92824 


92829 


92834 




848 


92840 


92345 


92850 


92855 


92860 


92865 


92870 


92875 


92881 


92886 






849 


92891 


92896 


92901 


92906 


92911 


92916 


92921 


92927 


92932 


92937 






850 


92942 


92947 


92952 


92957 


92962 


92967 


92973 


92978 


92983 


92988 






851 


92993 


92998 


93003 


93008 


93013 


93018 


93024 


93029 


93034 


93039 






852 


93044 


93049 


93054 


93059 


93064 


93069 


93076 


93080 


93085 


93090 






853 


93095 


93100 


93105 


93110 


93115 


93120 


93125 


93131 


93136 


93141 






854 


93146 


93151 


93156 


93161 


93166 


93171 


93176 


93181 


93186 


93192 






855 


93197 


93202 


93207 


93212 


93217 


93222 


93227 


93232 


93237 


93242 






850 


93247 


93252 


93258 


93263 


93268 


93273 


93278 


93283 


93288 


93293 






857 


93298 


93303 


93308 


93313 


93318 


93323 


93328 


93334 


93339 


93344 






858 


93349 


93354 


93359 


93364 


93369 


93374 
931.25 


93379 


93384 


93389 


93394 






859 


93399 


93404 


93409 


93414 


93420 


93430 


93435 


93440 


93445 






860 


93450 


93455 


93460 


93465 


93470 


93475 


93480 


93485 


93490 


93495 






861 


93500 


93505 


93510 


93515 


93520 


93526 


93531 


93536 


93541 


93546 






862 


93551 


93556 


93561 


93566 


93571 


93576 


, 93581 


93586 


93591 


93596 






863 


93601 


93606 


93611 


93G16 


93621 


93626 


1 93631 


93636 


93641 


93646 






864 


93651 


93656 


93661 


93666 


93671 


9.3676 


1 93682 


93687 


93692 


93697 






865 


93702 


93707 


93712 


93717 


93722 


93727 


93732 


93737 


93742 


93747 






866 


93752 


93757 


93762 


93767 


93772 


93777 


93782 


93787 


93792 


93797 






867 


93802 


93807 


93812 


93817 


93822 


93827 


93832 


93837 


93842 


93847 






868 


93852 


93857 


93862 


93867 


93872 


93877 


93C82 


93887 


93892 


93897 






869 


93902 


93907 


93912 


93917 


93922 


93927 


93932 


93937 


93942 


93947 






870 


93952 


93957 


93962 


93967 


93972 


93977 


93982 


93987 


93992 


93997 






871 


94002 


94007 


94012 


94017 


94022 


94027 


94032 


94037 


94042 


94047 






872 


94052 


94057 


94062 


94067 


94072 


94077 


94082 


94086 


94091 


94096 






873 


94101 


94106 


94111 


94116 


94121 


94126 


94131 


94136 


94141 


94146 






874 


94151 


94156 


94161 


94166 


94171 


94176 


94181 


94186 


94191 


94196 






875 


94201 


94206 


94211 


94216 


94221 


94226 


94231 


94236 


94240 


94245 






876 


94250 


94255 


94260 


94265 


94270 


94275 


94280 


94285 


94290 


94295 






877 


94300 


94305 


94310 


94315 


94320 


94325 


94330 


94335 


94340 


94845 






878 


94349 


94354 


94359] 


94364 


94369 


94374 


94379 


94384 


94389 


94394 


1 




879 


94399 


94404 


94409 


94414 


94419 


94424 


94429 


94433 


94438 


94443 






No. 





1 




3 


4 


5 


6 


7 


f ■ 


9 













LOGARITHUS or 


;™. 


KS. 








No, BSOO 94O0. 




Log. 9444a 9T313. |] 




?ia. 





1 


2 


3 


4 


d 


~6 


7 


8 


__ 


BSD 




9tWi 


9446t 




94W8 


94473 


9447B 


944K 


-HW 


!>44l» 




asi 


94498 


94wal 


MMH 


94511 


94617 


945X1 


94U^ 


94»H 


MW 


94MS 




usa 


94S47 


9455S 


94GffT 


94562 


94S6T 


94671 


94fi76 


946S1 


MMS 


94591 




BBS 


94S96 


94601 


94606 


94611 


94616 


H6» 


94616 


H6SI 


Men 


94640 




asi 


9464sl 


94660 


94696 


94660 


94665 


mn 


B467S 


M6M 




94689 






94694 


94699 


94704 


"94TO9 


94714 


-aiiti 


WH 


im 




94738 




SBG 


94743 


91748 


94753 


B47M 


94763 


04768 


94T7S 


94771 




94787 




837 


91792 


94797 


94B01 


94807 


94311 


94817 


sian 


948» 




94B36 




SBB 


94841 


94S4fi 


94B6I 


94896 


94861 


948eG 


94871 


MB7G 




»4Sa3 




3B9 


94890 


94896 


4900 


94906 


94010 


M91A 


S4919 


9t9tl 


MM) 


94934 


HUU 


94939 


94944 


94949 


Imi 


94999 


94969| 


94968 


9497: 


uni 


94HS 




E9I 


919SG 


94993 




95003 


BBOOT 


9fiOU 


960r 


9filWl 


UMT 


95031 




EM 


9603^ 


99041 




9fiOAl 


9USS 


SAeei 




99071 


mm 


95080 




893 


950B3 


96090 




96100 


mo6 




99114 


951 U 


9AIH 


95119 




894 


9SI34 


96139 


95143 


9614B 


95153 


991S! 


99163 


9»Ui 


9517) 


95177 




89a 


•J5m 


05IEr7 


961« 


IMW 


99»3 


-msi 


■bmH 


im 


loii 






S'JG 


9S231 


9SC36 




96S46 


9fi«60 


99269 


9U60 


KHU 


Mm 


9SS74 




897 


99879 


9fil8« 




96194 


99199 


99303 


96308 


9a»i» 


S59IS 


99313 




E9B 


99318 


96339 




95341 


96347 


9536! 


96357 


96361 


9S3e6 


95371 




S99 


95376 


96381 


953B6 


95390 


95395 


96400 


99406 


99410 


99416 


96119 




900 


99434 


95429 


99434 


95439 


35441 


96448 


95453 


9«68 


99463 


95468 ' 






9947S 


95477 


95482 


96487 


99491 


96497 


96601 


99606 


99911 


96916 




90S 


995!l 


90525 


95530 


95835 


95540 


99946 


96S60 


99SH 


M559 






903 


95569 


96674 


95578 


99583 


95588 


99993 


9599B 


95601; 


9a8i» 


95611 




904 


966)7 


9661i 


99626 


95631 


99636 


95641 


96646 


96650 


9MU 


95660 






96669 


95670 


9S674 


95679 


99681 


■9S689 


96694 


95^ 


wm 


^*7or 




906 


96713 


96718 


9B7!I 


35737 


95731 


96717 


£IS74S 


9J716 


UTSl 


9ffTS6 




907 


95761 


95766 


99770 


96775 


96780 


99TS5 


99789 


99794 


99799 


96804 




908 


99809 


95813| 95818 


96B13 


95818 


9583! 


96837 


99B41 


95847 


9S86S 




909 


96896 


95Beil 9S866 


9JH71 


96075 


95880 


95885 


95890 


95896 


96899 


910 


"95904 


95909' 95914 


96918 


95913 


999m 


96933 


99938 


99941 


96947 






96952 


95957 95961 


96966 


95071 


99976 


95980 


95989 


95990 


96996 




91S 


95999 


96004| 96009 


96014 


96DI9 


9603S 


96018 


96033 


96038 


96041 




913 


96047 


960S2 


96057 


96061 


96066 


96071 


96076 


96080 


96085 


96090 




9H 


96095 


96099 


96104 


96109 


96114 


96118 


96123 


96188 


96133 


96137 




919 


96142 


96147 


-ME 


96156 


96161 


96166 


96171 


96175 


961BD 


96185 




916 


96190 


96194 


96199 


96204 


9S109 


96213 


962It 


96113 


96217 


9613X 




917 


96S37 


96S« 


96146 


96151 


96151, 


96261 


96265 


962701 


96176 


96180 




918 


96384 


96289 


96S94 


96398 


96303 


96308 


96313 


96317 


96311 


96317 




919 


96332 


96336 


96341 


96346 


96350 


96399 


9636iy 


96365 


96369 


96374 




9!0 




96384 


-96388 


9639: 


96398 


9640! 


96407 


96411: 


96417 


964U 




921 




96431 


9643t^ 






96460 


96454 


96469 


96464 


96468 




922 




9647S 


96483 




96491 


9649T 


96901 


96606 


96911 


9G5I0 




953 




96519 


96530 


965* 


06539 


96644 


g654» 


96669 


96668 


9G66S 




921 


96567 


96672 


96577 


96581 


96586 


96991 


96599 


96600 


96606 


96609 




939 


"96614. 


96619 


-966M 


96618 


96633 


96638 


96641 


96647 


'S66U 


MSBfl" 




9£6 


9G66I 


96G66 


96670 


9667B 


96680 


96639 


96689 


96694 


96699 


96703 




927 


9G708 


96713 


96717 


967« 


96717 


96731 


96736 


96741 


9ff;4S 


96760 




928 


96755 


96759 


96764 


96769 


96774 




96783 


96788 


96791 


9679T 




929 


96B0e 


96806 


96311 


96816 


96810 


96915 


96830 
96876 


96834 
96881 


96839 
"968% 


96844 
96890 




96B4« 


95BS9 


96868 


96861 


96S6T 


9fim 


Ml 


9G893 


96900 


96904 


9G909 


96014 


969 18 


96913 


96918 


96933 


96937 


; <132 


9694! 


96946 


96951 


96966 


96960 


96966 


96970 


96974 


96979 


96984 


1 933 


96988 


96993 


96997 


9700! 


97007 


97011 


97016 


97021 


97025 


97030 


y34. 




97039 


97044 


97049 


97063 


97098 


97063 


97067 


9707S 


97077 




97081 


97086 


97090 


^7iM5 


97100 


97104 


9710U 


97114 


97118 


97113 


!I3S 


97128 


97132 


97137 


97142 


97146 


97J6I 


97159 


97160 


97165 


97169 


•Ml 


97174 


97179 


97183 


97188 


97192 


97197 




97206 


97211 


97216 


i)3a 




97325 


97S30 


97131 


97139 


97343 




97163 


97367 


9726S 




939 




97J71 


97276 


97180 


97«B5 


97290 


97194 


97199 


97304 


97308 








^ 


3 1 4 1 S"" 


.i (^r~ 





LOGARITHMS OF NUMBERS. 



>o. 9400 10000. 






J.oj;. 97313 99996. 


i 




No. 


1 1 1 2 


3 4 


1 5 


i *> 


1 


i 8 


9 


1 1 




940 


973 J 3 


97317) 97322 


97327 97331 


97336 


97340 


'JlMo 


9735(J 


973.>l i 




941 


97359 


97364 


97368 


97373 


97377 


97382 


97387 


97391 


97396 


97400 




942 


97405 


97410 


97414! 97419 


97424 


97128 


97433 


97437 


97442 


97447 




943 


97451 


97456 


97460 


97'«>5 


97470 


•.>7474 


97479 


97483 


97488 


97493 i 




944 


97497 


97502 


97506 


9751 1 


97516 
9V562 


97520 
9756'i 


! 97525 


97529 


97534 


97539 


1 




9^5 


97543 


97548 


97552 


97557 


i 97571 


! 97o75 


9758<J 


97585 






94(5 


97589 


97594 


97598 


97603 


97607 


97612 


j 97617 97621 


9762») 


97(530 


i 




947 


97635 


97640 


976'H 


97649 


97653 


97658 


! 9766;^ 97667 


97672 


97676 


1 




948 


976fn 


97685 


97690 


97695 


97699 


97704 


!)7708i 97713 


97717 


97722 


1 




949 


97727 


97731 


97736 97740 


97745 


9771 1» 


97754 
97800 


97759 


97763 


97763 


1 
1 




930 


97772 


97777 


97782 


97786 


97791 


97795 


9780-1 


97809 


97813 


1 




951 


97818 


97823 


97327 


97832 


97836 


97841 


97345 


978.;0 


97855 


97859 


• 




952 


97864 


97868 


97873 


97877 


97382 


97886 


97891 


97896 


97900 


97905 


1 




953 


97909 


97914 


97918 


97923 


97928 


97932 


97937 


97941 


97946 


97950 


! 

1 




954 


97955 


97959 


97964 


1 97968 


97973 


97978 


97932 


97987 


97991 


97996 


! 




955 


98000 


98005 


98009 


98014 


98019 


98023 


98028 


98032 


98037 


980-1.1 


I 




95G 


93046 


98050 


98055 


93059 


98061 


93068 


98073 


98078 


98082 


98087 


1 

1 




957 


9C091 


98096 


98100 


93105 


93109 


9811 1 


98118 


98123 


98127 


98132 






958 


981371 98141 


98146 


98150 


93155 


98159 


93161 


98168 


93173 


98177 






959 


98182 


98186 


98191 


98195 


93200 


93204 


98209 


98214 


98218 


98223 
98268 






960 


98227 


98232 


98236 


98241 


ini'2'io 


98250 


98254 


98259 


98263 


1 
■ 




9fil 


98272 


98277 


98281 


98236 


98290 


93295 


98299 


98301 


98308 


98313 






962 


93318 


93322 


98327 


98331 


98336 


983-10 


98345 


98349 


983,j4 


98353 






963 


98363 


98367 


98372 


98376 


98381 


98385 


98390 


98394 


98399 


98103 


1 
1 




964 


9340« 


981.12 


98^1.17 


93421 


98426 


98430 


98435 


98439 


98444 
98489 


98448 


] 




965 


93453 


98457 


98462 


984()li 


98471 


98475 


98480 


9848'! 


98493 






966 


98498 


9S502 


VB;i01 


93511 


98516 


93520 


98525 


98529 


98531 


98538 






967 


983^13 


98547 


98552 


98556 


98561 


98565 


98570 


93571 


98379 


98.583 


I 




96« 


98588 


98592 


98597 


93601 


98605 


98610 


93614 


98619 


98623 


98628 J 




969 


98632 


93637 


98641 


98646 


93650 


98655 


98659 
98704 


93664 


98668 


93673 






970 


98677 


98682 


98686 


98691 


98695 


98700 


98709 


98713 


98717 






971 


98722 


98726 


98731 


98735 


98740 


98744 


98749 


98753 


93753 


93762 






972 


98767 


93771 


98776 


98780 


98784 


98789 


98793 


98798 


98802 


98807 






973 


98811 


98816 


98820 


98825 


98829 


98831 


98838 


98843 


98847 


9:^851 






974 


98856 


98860 


98865 


98869 


98874 


98878 


98883 


98887 


98392 


98896 






975 


98900 93905 


98909 


98914 


98918 


98923 


98927 


98932 


9^936 


98941 


1 




976 


98945 98949 


98954 


98958 


98963 


98967 


98972 


98976 


98981 


98935 


• 

\ 




977 


98989 


98994 


98998 


99003 


99007 


99012 


99016 


99021 


99025 


99029 i , 




978 


99034 


9P038 


99043 


!)9047 


9!)052 


99056 


99061 


99065 


9!'069 


99074 




979 


99078 


99083 


99087 


99092 


99096 


99100 


99105 


99109 


99114 
99158 


99118 : 

... . i 




980 


991231 99127 


99131 


99136 9!»140| 


99145 


99 M 9 


99151 


9!«lb2 • ; 




981 


991671 99171 


99176 


99180 


991851 


99189 


99193 


99198 


II9202 


99207 1 ! 




982 


99211 


99216 


99220 


99224 


99229J 


99233 


99238 


902'} 2i 


99217 


99251 j 




933 


99^75 


99260 


99264. 


99269 


99273; 


99277 


99282 99236 


99291 


99295 ' 




984 


99300 


99304 


99308; 


99313 


99317! 


99322 


9932gI 99330| 


99335 


99339 






985 


99314 


99348 


99352 


99J57 


99361; 


99366 


99370 


993741 


99379 


99383 






986 


99388 


99392 


99396 


99401 


99405 


99410 


99414 


99419 


99423 


99427 






987 


99432 


99436 


99441 


99445 


99449 


994.34 


99458 


99463 


99467 


99471 




• 


988 


99476 


99480 


99484 


99489 


99*93 


99498 


99.502 


99506 


99511 


99515 






989 


99520 


99524 


99528 


99533 


99537 


99542 
99585 


995^*6 
99590 


99550j 


99555 


99559 
99(i03 






990 


99564 99568 


99572 


99577 995811 


99.J91 


99599 






991 


99607 99612 996 16| 


99621 


99625 


99629 


'J'JG'M 


99638 


99642 


996 V7 




992 


99651 


99656! 99Ji60! 


99664 


99669 


9!J673 


99677 


99632 


99686 


99691 






993 


99695 


99699: 997011 


99708 


99712 


99717 


99721 


99726 


99730 


99734 






994 


99739 


99743 


99747: 


997521 


9!»756l 

1 

99800' 


99760 
9980 1 


99765 
99>;08 


99769 
99813 


99771 


99773 






995 


99782 


99787 


99791 


99795; 


99817 


HUii'SJ, 






996 


99826 


99830 


99835 


99;:.}!i: 99813! 


99f;4.'; 


99852 


!»9856 


99861 


99805 






997 


99870 


99871 9987:-i' 


998r:..Ji 99r:.';7l 


998!' 1 


99896 


99900! 


i»:^9o; 


j);,fif.O 


V90 


99913 


99917! 99922! 


!.'9926; 999J0i 


99f».;;. 


!'9939 


999 Ui 


99911. 


- 1 t 


1 999 


99957 


99961' !'1'965' 


99970= 9997 ^ 


99978! 


9:':'8;; 999:57' 


!»9991. 99r:.6 


1 >o. 


0.1.'.'. 


:> .!• ; 


.") I 


ll < 


8 9 I 
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Log. Sines, Tangents and Secants. 






1 


1 Deg. 






Degs. 179. ; 




M. 


HOUTA.M. 


Hourr.M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant Co-aecanl 


Bi 1 





12 





liif. Neg. 


10.00000 


Inf. Neg. 


Infinite. 


10.00000 InfioHe. 


60 




1 


11 69 52 


8 


6.46373 


00000 


6.46373 


13.53627 


00000 


13.53627 


59 




2 


59 44 


16 


76176 


00000 


76476 


23524 


00000 


23624 


58 




3 


59 36 


24 


94085 


00000 


94085 


05915 


00000 


05915 


67 




4 


59 28 


32 


7.06579 


00000 


7.06579 


12.93-121 


00000 


IS. 93421 


56 


5 


11 59 20 


40 


7.162-/0 


10.00000 


7.16270 


12.83730 


10.00000 


12.83730 


55 




6 


59 12 


48 


24188 


00000 


24188 


76812 


00000 


75812 


54 




7 


59 4 


66 


308S2 


00000 


30882 


69118 


00000 


69118 


53 




8 


58 56 


1 4 


36682 


00000 


36682 


63318 


00000 


6331« 


52 




9 


63 48 


1 12 


41797 


00000 


41797 


68203 


00000 


68203 


51 


10 


11 58 40 


1 20 


7.46373 


10.00000 


7.46373 


12.63627 


10.00000 


1S.636S7 


50 




U 


58 32 


1 28 


60512 


00000 


60612 


49488 


00000 


49488 


49 




12 


68 24 


1 36 


64291 


00000 


64291 


45709 


00000 


45709 48 1 




13 


68 16 


1 U 


67767 


00000 


67767 


42233 


00000 


4S233 


47 




14 


58 8 


1 62 


60985 


00000 


60986 


39014 


00000 


39015 


46 


15 


11 58 


2 


7.63982 


10.00000 7.63982 


12.36018 


10.00000 


12.36018 


45 




16 


67 62 


2 8 


6678-1 


00000 


66785 


33215 


00000 


33216 44 




17 


67 44 


2 16 


69417 


9.99999 


69418 


30582 


00001 


30683 43 




18 


67 36 


2 24 


71900 


99999 


71900 


28100 


00001 


S8100 4S 




19 


67 28 


2 32 


74248 


99999 


74248 


26752 


00001 


25752 


41 


20 


11 67 20 


2 40 


7.76475 


9.99999 


7.76476 


12.23524 


10.00001 


12.23525 


40 




21 


57 12 


2 48 


78594 


99999 


78595 


21405 


00001 


21406 


39 




22 


67 4 


2 56 


80615 


99999 


80615 


19385 


00001 


19385 


38 




23 


66 56 


3 4 


82545 


99999 


82546 


17454 


00001 


17455 


37 
36 




24 


66 48 


3 12 


84393 


99999 


84394 


15606 


00001 


15607 


25 


11 66 40 


3 20 


7.86166 


9.99999 


7.86167 


12.13833 


10.00001 


12.13834 


35 




26 


66 32 


3 28 


87870 


99999 


87871 


12129 


00001 


12130 


34 




27 


66 24 


3 36 


89509 


99999 


89510 


10490 


00001 


10491 


33 




28 


56 16 


3 44 


91088 


99999 


91089 


08911 


00001 


08912 


32 


i 


29 


66 8 


3 52 


92612 


99998 


92613 


07387 


00002 


07388 


31 




30 


11 66 


4 


7.94084 


9.99998 


7.94086 


12.05914 


10.00002 


12.05916 


30 




31 


65 52 


4 8 


95508 


99998 


95510 


04i90 


00002 


04492 


29 




32 


65 44 


4 16 


96887 


99998 


96889 


03111 


00002 


03113 


28 




33 


65 36 


4 24 


98223 


99998 


98225 


01775 


00002 


01777 


27 




34 


55 28 


4 32 


99520 


99998 


99522 


00478 


00002 


00480 


26 


35 


11 55 20 


4 40 


8.00779 


9.99998 


8.00781 


11.99219 


10.00002 


11.99221 


26 




36 


55 12 


4 48 


02002 


99998 


02004 


97996 


00002 


97998 


24 




37 


65 4 


4 56 


03192 


99997 


03194 


96806 


00003 


96808 


23 


i 


38 


64 56 


5 4 


04350 


99997 


04353 


95647 


00003 


95650 


29 




39 


54 48 


6 12 


05478 


99997 


05481 


94519 


00003 


94522 


21 


40 


11 64 40 


5 20 


8.06578 


9.99997 


8.06581 


11.93419 


10.00003 


11.93422 


20 




41 


54 32 


5 28 


07650 


99997 


07653 


92347 


00003 


92350 


19 




42 


64 24 


5 36 


08696 


99997 


03700 


91300 


00003 


91304 


18 




43 


64 16 


5 44 


09718 


99997 


09722 


90278 


00003 


90282 


17 




44 


54 8 


5 52 


10717 


99996 


10720 


89280 


00004 


89283 


16 
15 


45 


11 64 


6 


8.11693 


9.99996 


8.11696 


11.88304 


10.00004 


11.88307 




46 


63 52 


6 8 


12647 


99996 


12651 


87349 


00004 


87353 


14 




47 


63 44 


6 16 


13581 


99996 


13585 


86415 


00004 


86419 


13 




48 


53 36 


6 24 


14495 


99996 14500 


85500 


00004 


85505 


12 




49 


53 28 


6 32 


15391 


99996 


15395 


84605 


00004 


84609 


11 


50 


11 53 20 


6 40 


8.16268 


9.99995 


8.16273 


11.83727 


10.00005 


11.8373^ 


10 




51 


53 12 


6 48 


17128 


99995 


17133 


82867 


00005 


82872 


9 




52 


63 4 


6 56 


17971 


99995 


17976 


82024 


00005 


82029 


8 




53 


52 56 


7 4 


18798 


99995 


18804 


81196 


00005 


8120^ 


7 




54 


52 48 


7 12 


19610 


999951 19616 


80384 


00005 


80390; 6 1 


55 


11 52 40 


7 20 


8.20407 


9.99994! 8.20413 


11.79587 


10.00006 


11.796931 5 




56 


62 32 


7 28 


21189 


99994 21195 


78805 


00006 


78811 4 




57 


62 24 


7 36 


21958 


99994 21964 


78036 


00006 


78042 3 


1 


53 


52 16 


7 44 


22713 


99994 22720 


77280 


00006 


77287 2 


1 


59 


52 8 


7 52 


23456 


99994 234G2 


76538 


00006 


766441 1 


■ 
• 


60 

1 


52 


y 


24186 


99993. 24192 


75808 


00007 


75814 


1 


!.L^l ' 


lloiirp..M. 


Hour A.M. 


Co-sine. 


— mf 

Mne. 


(•o-tan£. 


Tangent. 


Co-secaiu 


Secant. 


! M. 



f*0 DotfS 



P« ss. 09. 



IDeg. 



Log. Sines^ Tangents and Secants. 



Degs. 178. 



1 M. 


HOUTA.M. 


Hourp,M. 


Sine. 1 


Co- sine. 


Tangent 


Co-tang. 


Secant. 


Co-secant 


M. 







H 52 


8 


8.241861 


9.99993 


8.24192 


11.75808 


10.0000711.75814 


60 


1 


51 52 


8 8 


24903 


99993 


24910 


76090 


00007 


76097 


69 i 


2 


51 44 


8 16 


25609 


99993 


26616 


74384 


00007 


74391 


68 




3 


51 36 


8 24 


26304 


99993 


26312 


73688 


00007 


73696 


57 




4 


51 28 


8 32 


26988 


99992 


26996 


73004 


00008 


73012 


66 




6 


11 51 20 


8 40 


8.27661 


9.99992 


8.27669 


11.72331 


10.00008 


11.72339 


55 


6 


51 12 


8 48 


28324 


99992 


28332 


71668 


00008 


71676 


54 




7 


51 4 


8 56 


28977 


99992 


28986 


71014 


00008 


71023 


53 




S 


50 56 


9 4 


29621 


99992 


29629 


70371 


00008 


70379 


52 




9 


50 48 


9 12 


30266 


99991 


30263 


69737 


00009 


69745 


51 




10 


11 50 40 


9 20 


8.30879 


9.99991 


8.30888 


11.69112 


10.00009 


U. 69121 


50 


11 


50 32 


9 28 


31496 


99991 


31606 


68496 


00009 


68605 


49 




IS 


50 24 


9 36 


32103 


99990 


32112 


67888 


00010 


67897 


48 




13 


50 16 


9 44 


32702 


99990 


32711 


67289 


00010 


67298 


47 




14 


50 8 


9 52 


33292 


99990 


33302 


66698 


00010 


66708 


46 
45 




16 


11 50 


10 


8.33876 


9.99990 


8.33886 


11.66114 


10.00010 


11.66126 


16 


49 52 


10 8 


34460 


99989 


34461 


66639 


00011 


66660 


44 




17 


49 44 


10 16 


36018 


99989 


36029 


64971 


OOOll 


64982 


43 




18 


49 36 


10 24 


35678 


99939 


36690 


64410 


00011 


64422 


42 




19 
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34 
34 
34 
34 



8 
16 
24 
32 



34 
34 
34 
35 
35 



40 
48 
56 
4 
12 



35 
35 
35 
35 
35 



20 
28 
36 
44 

52 



36 
36 
36 
36 
36 





8 

16 

24 

32 



36 
36 
36 
37 
37 



40 
48 
56 
4 
12 



37 
37 
37 
37 
37 



20 
28 
36 
44 
52 



38 
88 
38 
38 
38 




8 

16 
24 
32 



38 
38 
38 
39 
39 



40 
48 
56 
4 
12 



39 
39 
39 
39 
39 
40 



SO 
88 
36 
44 

58 




Sine. 



8.86188 
86301 
864741 



86816 



8.86987 
87156 
87325| 
87494 
87661 



8.87829 
87993 
88161 
88326 
88490 



8.88654 
88817 
88980 
89142 
89304 



8.89464 
89625 
89784 
89943 
90102 



8.90260 
90417 
90674 
90730 
90886 



8.91040 
911961 
91349 
91^2 
91665 



8.91807 
91959 
92110 
92261 
92411 



8.92561 
98710 
92869 
93007 
93164 



Hoarpjf .iH(MirA.M.! Co-sine. 



8.93301 
93448 
93594 
93740 
93886 
94030 



|Co-fecaBL[ 



9. 998941 8.8446411. 
998931 84646 
99892 85826 
99891 85006 
99891 85185 



9.99890 
9^889 
99888 
99887 
99886 



9.99885 
99884 
99883 
99882 
99881 



9.99880 
99879 
99879 
99878 
99877 



9.99876 
99875 
99874 
99873 
99872 



9.99871 
99870 
99869 
99868 
99867 



9.99866 
99866 
99864 
99863 
99862 



9.99861 
99860 
99869 
99868 
99857 



9.99866 
99855 
99864 
99863 
99862 



9.99861 
99860 
99848 
99847 
99846 



9.99845 
99844 
99843 
99842 
99841 



9.99840 
99839 
99838 
99837 
99836 
99834 



Sine. 



8.85363 
85540 
85717 
86893 
86069 



8.8624311 
86417 
86591 
86763 
86935 



8.87106 
87277 
87447 
87616 
87786 



8.87953 
88120 
88287 
88463 
88618 



8.88783 
88948 
89111 
89274 
89437 



8.89698 
89760 
89920 
90080 
90240 



8.90399 
90667 
90716 
90872 
91029 



8.91186 
91340 
91496 
91660 
91803 



8.91967 
92110 
92262 
92414 
92666 



8.92716 
92866 
93016 
93166 
93313 



8.93462 
93609 
93756 
93903 
94049 
94195 



Co-tang. 



11. 



11. 



11. 



11. 



11. 




5!rJ6jl0.00106 
00107 



5174 
4994 
4815 



4637 
4460 
4283 
4107 
3931 



3757 10. 00115111 
3583 00116 
3409 00117 
3237 00118 
3065 00119 



2894| 
2723 
2553 
2384 
8815 



2047 
1880 
1713 
1547 
1382 



1217 
1062 
0889 
0726 
0663 



0402 

0240 

0080 

09920 

09760 



11.09601 

094431 

09286 

09128 

08971 



11.08815 
08660 
08506 
08350 
08197 



11.08043 
07890 
07738 
07586 
07436 



11.0728410 
07134 
06984 
06836 
06687 



11.06638 
06391 
062441 
06097 
05951 
05806 



Tangent. 



00108 
00109 
00109 



10.00110 
00111 
00118 
00113 
00114 



lO.OOlSOlTl 
OOISI 
00181 
OOISS 
00183 



10.00184 
00185 
00186 
001S7 
00188 



10.00129 
00130 
00131 
00132 
00133. 



11. 



11. 



11. 



11. 



10.0013411 

00135 

00136 

00137 

00138 



10.00139 
00140 
00141 
00142 
00143 



10.00144 
00145 
00146 
00147 
00148 



10.00149 
00160 
00162 
00153 
00164 



.00155 
00156 
00157 
00158 
00159 



10.00160 
00161 
00162 
00163 
00164 
00166 



Co-secant 



646ll 
6888 
5103 
4925 



47481 

4571 

4395 

4880 

4045 



3878 
3699 
3586 
3355 
3184 



3013 
8844 
S675 
8506 
2339 



2171 
2005 
1839 
1674 
1510 



i 
I 

4 

1 

4 
4 
4 
4 

4 

a 

9 

a 

a 



0536 
0375 
0816 
0057 
09898 



11.09740 
09583 
09486 
09870 
09115 



11.08960 
08805 
08651 
08498 
08345 



11.08193 
08041 
07890 
07739 
07589 



11.07439 
07890 
07141 
06993 
06846 



11.06699 
06552 
06406 
06260 
06115 
05970 



3 
3 

31 



1346 
1183 
1020 
0858 9 
06961^ 

3 
8 
8 
8 
t 

8 
8 

2 
2 
2 



In 

1! 

II 
1' 
II 



li 
U 
V. 
It 
11 



IC 

c 



I 

4 

S 

s 

1 

G 



94l>e^. 



Secant. \h 
Degs. i 




•en. 



Log. Sinesy Tangents and Secants. 



HoufA.M.|Hourp.M.| Sine. | Co-sine. 



Pegs. 174. 



11 SO 01 
19 5S 
19 44 
19 36 
19 28 



11 



11 



11 




8 



11 



19 SO 
19 IS 
19 
18 56 
18 48 



11 



18 40 
18 3S 
18 24 
18 16 
18 8 



11 



18 
17 5S 
17 44 
17 S6 
17 28 



11 17 SO 
17 IS 
17 4 
16 £6 
16 48 



16 4U 
16 SS 
16 24 
16 1^ 
16 8 



16 D 
15 5S 
15 44 
15 36 
15 S8 



11 15 20 
15 IS 
15 4 

14 66 
14 48 



14 40 
14 32 
14 24 
14 16 
14 8 



40 
40 
40 16 
40 24 
40 32 



40 40 
40 43 

40 56 

41 4 
41 IS 



8.94030 
94174 
94317 
94461 
94603 



Tangent 



41 20 
41 28 
41 36 
41 441 
41 52 



42 
42 8 
42 16 
42 24 
42 32 



42 40 
42 48 

42 56 

43 4 
43 12 



43 20 
43 28 
43 36 
43 44 

43 52 



44 
44 
44 





8 

16 



44 21 

44 32 



44 40 
44 48 

44 56 

45 4 
45 12 



45 20 
45 28 
45 36 
45 44 
45 52 



8.94746 
94887 
95029 
95170 
95310 



8.95450 
95589 
95728 
95867 
96005 



8.96143 
96280 
96417 
96553 
96689 



8.96825 
96960 
97095 
97229 
97363 



9.99834 
99833 
99832 
99831 
99830 



9.99829 
99828 
99827 
99825 
99824 



9.99H23 
99822 
99821 
99820 
99819 



9.99817 
99816 
99815 
99S14 
99813 



8.9419511.06805 
94340 05660 
94485 05515 
94630 05370 
94773 05227 



8.94917 
95060 
95202 
95344 
95486 



8.95627 
95767 
95908 
96047 
96187 



8.96325 
96464 
96602 
96739 
96877 



9.99812 
99810 
99809 
99808 
99307 



8.97V13 
97150 
97285 
97421 
97556 



8.97496 
97629 
97762 
97894 
98026 



8.98157 
98288 
98419 
98549 
98679 



8.98808 
98937 
9906G 
99194 
99322 



8.99450] 
99577 
99704 
99830 
99956 



9.99806 
99804 
99808 
99802 
99801 



8.97691 
97825 
97959 
98092 
98225 



9.998001 
99798 
99797 
99796 
99795 



9.99793 
99792 
99791 
99790 
99788 



9.99787 
99786 
99785 
9971J3 
99782 



8.98358 
98490 
98C22 
98753 
98884 



8.990151 
•99145 
99275 
99405 
99534 



8.99662 

99791 

99919 
9.00046110 

00174 



Co-tang. 



11.05083)10, 
04940 
04798 
04656 
04514 



11.04373 
04233 
04092 
03953 
03813 



11.03675 
03536 
03398 
03261 
03123 



11.02987 
02850 
02715 
02579 
02444 



11.02309 
02175 
02041 
01908 
01775 



11.01642 
01510 
01378 
01247 
01116 



.00985 
00855 
00725 
00595 
004G6 



11 



.00338 
00209 
00081 

.99954 
99826 



Secant. 



Co wrant 



10.00166 
00167 
00168 
00169 
00170 



00171 
00172 
00173 
00175 
00176 



10.00177 
00178 
00179 
00180 
00181 



10.00183 
00184 
00185 
00186 
00187 



10.00188 
00190 
00191 
00192 
00193 



10.00194 
00196 
00197 
00198 
00199 



10.00200 
00202 
00203 
00204 
00205 



10 



.00207 
00208 
00209 
00210 
00212 



10, 



00213 
00214 
00215 
00217 
00218 



11.06970 
05826 
05683 
05539 
05397 



U.05S54 
05113 
04971 
04830 
04690 



11 



.04550 
04411 
0427S 
04133 
03995 



11 



.03857 
03720 
03583 
03447 
03311 



11.03175 
03040 
02905 
02771 
0S637 



11 



.02504 
02371 
02238 
02106 
01974 



11 



01843 
01712 
01581 
01451 
01321 



11 



.01192 
01063 
00934 
00806 
00678 



11 



.00550 
00423 
00296 
00170 
00044 



M 



60 
59 
58 
67 
66 



65 
64 

63 
62 
51 



50 
49 
48 
47 
46 



45 
44 

43 
42 
41 



40 
39 
38 
37 
36 



35 
34 

33 
38 
31 



30 
S9 
28 
S7 
S6 



S5 
S4 
S3 
SS 
SI 



so 

19 
18 
17 
16 



i 



11 



11 



14 
13 5S 
13 44 
13 36 
13 S8 



46 
46 
46 16 
46 24 
46 32 



9.00082 
00207 
00332 
00456 
00581 



9.99781 
99780 
99778 
99777 
99776 



9.00301 
00427 
00553 
00679 
00805 



10.99699 
99573 
99447 
99321 
99195 



10 



.00219 
00220 
00222 
00223 
00224 



10 



.99918 
99793 
99668 
99544 
9-J419 



15 
14 
13 
12 
11 



13 SO 
IS IS 
13 4 
IS 56 
18 49 






46 40 
,46 48 

/46 56 
47 4 
47 12 



9.00704 
00828 
00951 
01074 
01196 



9.99775 
99773 
99772 
99771 
99769 



9.00930 
01055 
01179 
01303 
01427 



10.99070 
98945 
98821 
98697 
98573 



10 



.00225 
00227 
00228 
00229 
00231 



10 



.99296 
99172 
99049 
98926 
98804 



11 l%40 

IS; 32 

It' 24 
^ 16 

nz 8 

J 12 Of 
toury. M. 
•egs. 



47 20 


9.01318 


47 28 


01440 


47 36 


01561 


47 44 


01682 


47 62 


01803 


48 


01923 



HoarAjf-t Co-sine. I Sine. 



9.99768 
99767 
99765 
99764 
99763 
99761 



9.0155010 
01673 
01796 
01918 
0S040 
08162 



.98450 
98327 
98204 
980G2 
97960 
97838 



10 



.00232 
00233 
00235 
00236 
00237 
00239 



10 



Co-tang. Tangent 



CoHWcani 



.98682 
98560 
98439 
98318 
98197 
98077 



Secant 



10 
9 
8 
7 
6 



5 
4 

3 

2 
1 




M 



Dcgs. 84 



1: 



Log. Sines, Tangents and Secanti. 





GDep. 














Dcp, 


'S3 


J^ 


HourA.M 


lIuiirF.u. 


tjino. 


Co-si IIP. 


I'angeDl 


C-lMg. 


^cant. 


Co^eciBli 







U 1'2 (J 


U 4B 


a.oiuas 


9-99761 


9.02162 


10.978381 


10.00239 








II 62 


4n e 


03043 


99"C0 


055S3 


97717 


00240 






3 


11 44 


4B 16 


02163 


997&9 


02404 










3 


11 3fi 


48 2+ 


02283 






97475 


00543 






4 


11 28 


JB3S 




99756 


0S645 


97355 


00544 


9759bI « 




fi 


11 11 SO 


4B 40 


9.02320 


9.99755 


9.0276G 


10.97^34 


io.ooa4a 


1U.974B0 


rs 




6 


11 12 


4B 48 


02639 


99753 


OaBBS 


97115 


00S47 


97361 


s< 




7 


11 4 


48 &6 


02757 


997S2 


03005 


969W 


00248 


97I4SI 53 




8 


10 5r 


49 4 


02374 


99731 


03124 


9687ti 




97126 


BS 




9 




*9 13 


02995 


99749 


03245 


96758 


00551 


9700s 






1U 


n 10 40 


U 49 W 




9.997*& 


9.03361 


10.96639 


IO.0026S 


10.96891 






11 


10 31 


49 28 


03526 


99747 


03479 


96521 


002SS 


96TT4 


49 






10 34 


40 3fi 


03342 


99745 


03597 


96403 


00265 


96669 


4S 




13 


10 IC 


49 44 


0345E 


99744 


03714 


962B6 


00256 


96548 


47 




14 


10 » 


40 5! 


03574 


99742 


03332 


9616B 


OOtSB 


96426 


46 




15 






U, 03690 




9.03948 


10.96052 


10.00259 


10.96311 


45 




IC 


9 52 


50 B 


03805 


* 99740 


04065 


95935 


00260 


9613e 


44 




n 


9 44 


50 16 


03920 


9973G 


04IS1 


95G19 


00262 


96081 


43 




18 


9 36 


50 S4 


04034 


99737 


04507 


9B703 


00263 


9S96E 


42 




19 


9 KB 


50 32 


04149 


997.T6 


04413 


96587 


00264 


95861 


4! 






11 9 S( 


50 40 


9.04262 


9.997.S4 




10.95472 


10. 00266 


10,95738 


40 




ii 




50 48 


04376 


99733 


' 04643 


95357 


00567 


95624 


39 




£1 


3 < 


50 66 


04490 


99731 


0-175E 


95242 


00269 


93510 


38 




£3 




51 4 


04fi03 


99730 


04B73 


95127 


00270 


95397 


37 




S4 




51 12 


04715 


99728 


04937 


95013 


0027S 




36 




25 


iT U 40 


51 51 


9.04828 


9.99727 


9.0510 


10.94899 


10.00273 


10.9517) 


Si 




=6 


B 3: 


51 SB 


04940 


99736 


05214 


94786 


00274 


9506t » 




£7 




■51 36 


05052 


997S4 


05328 


94672 


00276 


9494! 33 




5a 






05164 


997S3 


05441 


94559 


00277 


948J6 3! 




29 




51 52 


05273 


99721 


05553 


94447 


00579 


9412; 31 




SO 




52 


9.05386 


9.99730 


9.05666 


10.94334 


10.00280 


10.94614 W 




SI 


7 52 


62 B 


05497 


997 IB 


05778 


94252 


002B9 


94503 


i» 




S3 


7 44 


52 16 


05607 


99717 


05E90 


9tll0 




94393 


!8 




33 


7 3f 


52 24 


05717 


99716 


0600! 


93998 


002B4 


9428 


iJ 




34 


7 2B 


52 32 


058S7 


9ff714 


06113 


933B7 


002E6 


94173 


« 




3j 


II 7 20 


U52 40 


9.05937 


H, 997 13 


9, 061224 


iO. 93776 


10.00287 


10.94063 






3G 


7 12 


52 IB 


06046 


99711 


06335 


93G65 


0D289 


93954 


14 




37 


7 4 


52 sr 


06155 


99710 


06445 


93555 


O0290 


93B4S 


53 




38 


f; 5fi 


S3 4 


06264 


99708 


06556 


93444 


00295 


9373S 


JS 




39 


C 4B 


53 12 


00372 


99707 


06666 


93334 


00293 


93623 


21 




4* 


11 a 40 


U 53 211 


y.utiiui 


S. 99705 


9.06775 


10.93225 


10.00296 


10.9351 


"w" 




41 


B 3% 


S3 2B 


06589 


99704 


0GB8S 


93115 


00296 


9341 


19 




42 


G 24 


M ST 


06096 


9970! 


06994 


93006 


00293 


93304 


IS 




43 


(i IG 


53 4 


O0B04 


99701 


07103 


92897 


00299 


9319 


n 




4-1 


i; s 


53 .W 


ocnn 


99699 


07211 


92789 


0030 


9303 


jl 




^ii 


5 51 


"51 H 


"07 E* 


"S 


9.07320 


111.92680 
92572 


10.00302 
00304 


10.9=98 
9287 






47 




M ir 


07J31 


99fiU5 


07536 


- 92464 


0030S 


9276 


13 






5 30 




073,n 




07643 


95337 




9266 






49 


S SB 


S4 32 


07442 


99592 


07751 


92S« 


00308 


9255 


II 




ao 


11 i. 21 


64 41] 


9.07.548 


y.996S0 


9.07868 


10.9314: 


10.00310 
T90311 


10.95461 


W 




51 




54 4B 


07653 


996119 


07964 


92036 


9234? 


9 






n ' 






99687 


08071 


91929 


00513 


92241 








4 56 






99686 


08177 


91823 


0031* 


92137 7 




5-1 




55 IS 


07968 


396B4 


08283 


91717 


003t^ 


92032 


J_ 




!<!, 


11 4 40 


55 SO 




U. 996^3 


9.0B389 


10.91611 


10.00317 








56 


4 3! 


55 58 


00176 


99C3I 


08495 


91503 


00319 








57 


424 


55 3C 




996S0 


08600 


91-100 


O032O 










4 16 


55 4-1 




99678 


0E705 


91295 


00322 










4 G 


55 52 




99B77 


oenio 








»J 




fiO 


4 


as a 


08589 


99675 


03914 


91086 


00325 


9lS| 


-^ 


ftl 


HOQTP.W, 


10U1-A.H. 


Co-Sine, 


SUIE. 


Co-wnj. 


TanRenl. 




^^^ 


M 



/ 



Log. Sines, Tangents and Secants. 



Pegs. 172. 



ICHirA.M. 




Sine. I Co-sine. (Tangent. | Co-tang. [ Secant. { Co-aec ant} M i 



56 24 
56 32 



3 
3 12 

3 4 

2 56 
2 48 



11 



56 40 
56 48 

56 56 

57 4 
57 12 



2 40 
2 32. 
2 24' 
2 16 
2 8 



9.08589 
08692 
08795 
08897 
08999 



9. 



9.09101 
09202 
09304 
09405 
09506 



99675 
99674 
99672 
99670 
99669 



67 20 

57 28 
67 36 
67 44 
67 52 



11 



2 
1 52 
1 44 
1 36 
1 28 



11 



58 
58 
58 16 
58 24 
58 32 



I 20 
1 12 
1 4l 
56 
48 



9.09606 
09707 
09807 
09907 
10006 



9.10106 
10205 
10304 
10402 
10501 



11 



58 40 
58 48 

58 56 

59 4 
59 12 



.99667 
99666 
99664 
99663 
99661 



9.08914 
09019 
09123 
09227 
09330 



9.09434 
09537 
09640 
09742 
09845 



9.99659 
99658 
99656 
99655 
99653 



9.99651 
99650 
99648 
99647 
99645 



9.10599 
10697 
10795 
10893 
10990 



40 
32 
24 
16 
8 



11 

10 59 52 

59 44 

69 36 

59 28 



10 59 20 

59 12 
59 

68 56 

53 48 



10 58 40 

68 32 

58 24 

58 16 

68 8 



10 58 
67 52 
57 44 
57 36 
57 28 



59 20 
69 28 
69 36 
69 44 
59 62 



1 






16 
24 
32 



40 
48 

56 

1 4 
1 12 



1 20 
1 28 
1 36 
1 44 

1 52 



9.11087 
11184 
11281 
11377 
11474 



9.11670 
11666 
11761 
11857 
11962 



9.12047 
12142 

12236 
12331 

12425 



,99643 
99642 
99640 
99638 
99637 



10.91086 
90981 
90877 
90773 
90670 



10.90666 
90463 
90360 
90258 
90165 



9.09947 
10049 
10150 
10252 
10353 



10.0032610.91411 
003261 91308 



00328 
00330 
00331 



10.00333 
00334 
00336 
00337 
00339 



91205 
91103 
91001 



10.9005310.00341 



9.10454 
10555 
10656 
10756 
10856 



9.99635 
99633 
99632 
99630 
99629 



9.99627 
99625 
90624 
99622 
99620 



9.10956 
11056 
11155 
11254 
11353 



89951 
89850 
89748 
89647 



10.89546 
89445 
89344 
89244 
89144 



00342 
00344 
00345 
00347 



9.11452 
11551 
11649 
11747 
11845 



9.11943 
12040 
12138 
12235 
12332 



9.12519 
12612 
12706 
12799 
12892 



10 67 20 
67 12 
67 4 
66 56 
56 48 



10 56 
66 



40 
32 



56 24 
66 16 



2 
2 8 
2 16 

2 24 
2 32 



2 49 
2 48 

2 56 

3 4 
3 12 



1 3 20 
3 28 



66 
56 



3 
3 
3 
4 



36 

44 

62 





Honrp.M. HouFA.M. Co-sine. 



9.12985 
13078 
13171 
13263 
13355 



9.99618 
99617 
99615 
99613 
99612 



10.89044 
88944 
88845 
88746 
88647 



10.88548 
88449 
88351 
88253 
8815i 



10.88057 
87960 
878G2 
87763 
87668 



10.00349 
00350 
00352 
00353 
00355 



10.90899 
90798 
90696 
90695 
90494 



10.90394 50 



60 
69 
58 
67 
56 



5A 
54 
53 
52 
61 



90293 
90193 
90093 
89994 



10.00357 
00358 
00360 
00362 
00363 



10.00365 
00367 
00368 
00370 
00371 



9.99610 
99608 
99607 
99605 
99603 



9.Jf!)601 
99600 
99598 
99696 
99595 



9.13447 
13539 
13630( 
13722 
13813 



9.13904 
13994 
14085 
14175 
14266 
14356 



9.99593 
99591 
99589 
99588 
99586 



9.99584 
99582 
99581 
99579 
99677 
99575 



Sine. 



9.12428 
12525 
12621 
12717 
12813 



9 . 12909 
13004 
13099 
13194 
13289 



9.13384 
13473 
13573 
13667 
13761 



9.13854 
13948 
14041 
14134 

14227 



10.87572 
87475 
87379 
87283 
07187 



10.87091 
86996 
86901 
86806 
86711 



10.86616 
86522 
86427 
86333 
86239 



10.00373 
00375 
00376 
00378 
00380 



10.89894 
89795 
89696 
89398 
89499 



10.89401 
89303 
89205 
89107 
89010 



49 
48 
47 
46 



45 
44 
43 
42 
41 



10.88913 
88816 
88719 
88623 
88526 



10.00382 
00383 
00385 
00387 
00388 



10.00390 
00392 
00393 
00395 
00397 



10.00399 
00400 
00402 
00404 
00405 



10.88430 
88334] 
88239 
88143 
88048 



10.87953 
87858 
87764 
87669 
87575 



40 
39 
38 
37 
36' 



35 
34 
33 
32 
31 



30 
29 
28 
27 
26 



10.87481 
G7388 
87294 
87201 
87108 



10.86146 
86052 
85959 
85866 
85773 



9.143201 
14412 
14504 
14597 
14688 
14780 



10.85680 
85588 
85496 
85403 
85312 
85220 



10.00407 
00409 
00411 
00412 
00414 



10.87015 
86922 
86829 
86737 
86645 



10.00416 

00418 
00419 
00421 
00423 
00425 



10.86653 
86461 
86370 
86278 
86187 



10.86096 
86006 
85915 
85825 
85734 
85644 



26 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 
7 
6 



5 
4 
3 
2 
1 




l>0g8. 



Co-tang. Tangc q|. 'Co-secantl Secant. M 

Degs. ii2. 



8 Pegs. 



Log. Sines, Tangents and Secants. 



Deg^ni. 



M 




1 
t 

3 

4 



HOUTA.M. 



Hoiirp.M. 



10 56 
65 52 
55 44 
55 36 
55 t8 




8 



4 
4 
4 16 
4 24 
4 32 



Sine. I Co-iine. 



9.14356 
14445 
14535 
14624 
14714 



9.99575 
99574 
99572 
99570 
99568 



Tangent 



9.14780 
14872 
14963 
15054 
15145 



Ck)-tang. 



10.85220 
85128 
Q5037 
84946 
84855 



Secant |Co-eeieant| BI" 



10.0042510 

00426 

00428 

00430 

00432 



i-eecant| M 
.856441 60 



8A555 
85465 
85376 
85286 



5 
6 
7 
8 
9 



10 55 20 
55 12 
55 4 
54 56 
54 48 



440 
4 48 

4 56 

5 4 
5 12 



9.14803 
14891 
14980 
15069 
15157 



9.99566 
99565 
99563 
99561 
99559 



9.15236 
15327 
15417 
15508 
15598 



10.84764 
84673 
84583 
84492 
84402 



10.00434 10 
00435 
00437 
00439 
00441 



.85197 
85109 
85020 
84931 
84843 



10 
11 
12 
13 
14 



15 
16 
17 
18 
19 



20 
21 
22 

23 
24 



10 54 401 
54 32 

54 24 
54 16 
54 8 



10 54 
53 52 
53 44 
53 36 
53 28 



5 20 
5 28 
5 36 
5 44 
5 52 



9.15245 
15333 
15421 
15508 
15596 



9.99557 
99556 
99554 
99552 
99550 



9.15688 
15777 
15867 
15956 
16046 



10.84312 
84223 
84133 
84044 
83954 



10.0044310.84765 
00444 84667 
00446 84579 
00448 84492^47 
00450| 844041 4G 



25 
26 
27 
28 
29 



10 53 2U 
53 12 
53 4 
52 66 
52 48 



30 
31 
32 
33 
34 



10 52 40 
52 32 
52 24 
52 16 
52 8 



6 
6 

6 16 
6 24 
6 32 



6 40 
6 48 

6 56 

7 4 
7 12 



9.15683 
16770 
16867 
15944 
16030 



9.16116 
16203 
16289 
16374 
16460 



10 52 
51 62 
51 44 
51 36 
51 28 



7 20 
7 28 
7 36 
7 44 
7 52 



9.99548 
99646 
99545 
99543 
99541 



9.16136 10.83866 10.00452 
16224 83776 00454 
16312 83688 00455 
16401 83599 00467 
16489 83511 00459 



9.99539 
99537 
99535 
99533 
99632 



8 01 
8 8 
8 16 
8 24 
8 32 



9.165451 
16631 
16716 
16801 
16886 



9.16970 
17066 
17139 
17223 
173071 



9.16577 
16665 
16763 
16841 
16928 



10 



9.995301 
99628 
99526 
99524 
99622 



9.99620 
99518 
99517 
99515 
99613 



9.17016 
17103 
17190 
17277 
173631 



.83423 
83335 
83247 
83159 
83072 



10 



.00461 
00463 
00465 
00467 
00468 




10.82984 
82897 
82810 
82723 
82637 



9.17460 
17536 
17622 
17708 
17794 



10.00470 
00472 
00474 
00476 
00478 



10.83884 
83797 
837U 



40 
S9 

98 



10. J 



10.82550 
82464 
82378 
82292 
82206 



10.00480 
00482 
00483 
00485 
00487 



83369 
83284 
83199 
83114 




10.83030 
82945 
82861 
82777 
82693 



35 
36 
37 
38 
39 



40 

42 
43 
44 



10 51 20i 
51 12 
51 4 
50 56 
50 48 



10 50 40 
60 32 
50 24 
60 16 
50 8 



8 40 
8 48 

8 56 

9 4 
9 12 



9.17391 
17474 
17568 
17641 
177241 



9 20 
9 28 
9 36 
9 44 
9 52 



9.17007 
17890 
17973 
18065 
18137 



9.99611 
99509 
99507 
99605 
99503 



9.17880 
17966 
18051 
18136 
18221 



9.99601 
99499 
99497 
99496 
994941 



9.18306 
18391 
18476 
18560 
18644 



10. 



82120 
82035 
81949 
81864 
81779 



10 



10 



816941 
81609 
81525 
81440 
81366 



00489 
00491 
00493 
00495 
00497 



10 



.00499 
00501 
00503 
00505 
00506 



10 



82609 
82626 
82442 
82359 
82276 



10. 



82193 
82110 
82027 
81945 
81863 



45 
46 
47 
48 
49 



10 50 
49 52 
49 44{ 
49 36 
49 28 



1 10 Oj 
10 8 
10 16 
10 24 
10 32 



9.18220 
18302 
18383 
18465 
18547 



9.99492 
99490 
99488 
99486 
99484 



9.18728 
18812 
18896 
18979 
19063 



10.8127210.00508 



81188 



81104 00512 



81021 
809311 



00510 



00514 
00516 



10.81780 
81698 
81617 
81535 
81453 



50 
51 
52 
53 
64 



10 49 20i 
49 12 
49 4 

48 56 
48 48 



1 



55 
56 

57 
58 
69 
I 60 



10 48 40 
48 32 
48 24 
48 16 
48 8 
48 0, 



10 40 
10 48 

10 56 

11 4 
11 12 



9.18628 
18709 
18790 
18871 
189621 



9.99482 
99480 
99478 
99476 
994741 



1 11 20 



11 
11 
11 
11 
12 



28 
36 
44 
62 




i y lHourp.M.|HourA.M.' Co-sine. 



9.19033 
19113 
19193 
19273 
19353 
19433 



9.99472 
99470 
99468 
99466 
99464 
99462 



Sine. 



9.19146 

19229 
19312 
19396 
19478 



10.8085410.00518 
80771 00520 
80688 00522 
80605 00624 
80622 00526 



9.19661 
19643 
19725 
19807 
19889 
19971 



10.80439 
80357 
80275 
80193 
80111 
80029 



10.8137^ 10 
81291] 9 
8121M 8 
81129t 7 
81048: 6 



10.0052810.80967 



00530 
00632 
00634 
00636 
00538 



Co-tang.i Tangent.' Co-8ecant Secant 



80887 
80807 
80727 
60647 
80567 



5 
4 

3 
2 
1 




98Degs. 



M 

Degs. 81. 





Log. Sines, Tangents and Secants 


• 






tai. 




Degs. 170. 


I HonrAJi. Iloiirp.H.| Sine. | 


Co-sine. [Tangent. | Co-tiuig.| Secant 


Co-secant 


M 


IH048 


1 12 9.19433 9.99462 


9.19971 


10.80029 


10.00638 


10.80567 


60 


I 47 62 


12 8 19613 


99460 


20063 


79947 


00640 


80487 


59 


! 47 4^ 


12 16 19692 


99458 


20134 


79866 


00642 


80408 


68 


1 47 36 


12 24 


19672 


99456 


20216 


79784 


00644 


80328 


67 


47 28 


12 52 


19751 


99454 


20297 


79703 


00546 


80249 


66 


10 47 20 


1 12 40 


9.19830 


9.99452 


9.20378 


10.79622 


10.00548 


10.80170 


55 


47 12 


12 48 


19909 


99450 


20459 


79541 


00550 


80091 


54 


47 4 


12 66 


199K8 


99448 


20540 


79460 


00652 


80012 


53 


46 66 


13 4 


20067 


99446 


20621 


79379 


00554 


79933 


52 


46 48 


13 13 


20145 


99444 


20701 


79299 


00556 


79856 


61 


10 46 40 


1 13 20 


9.20223 


9.99442 


9.20782 


10.79218 


10.00558 


10.79777 


50 


46 32 


13 28 


20302 


99440 


20862 


79138 


00560 


79693 


49 


46 24 


13 36 


20380 


99438 


20942 


79058 


00562 


79620 


48 


46 16 


13 44 


20458 


99436 


21022 


78978 


00564 


79542 


47 


46 8 


13 52 


20535 


99464 


21102 


78898 


00566 


79465 


46 


10 46 


1 14 


9.20613 


9. 99402 


9.21182 


10.78818 


10.00568 


10.79387 


46 


46 52 


14 9 


20691 


99429 


21261 


73739 


00.571 


79309 


44 


46 44 


14 16 


20768 


99427 


21341 


78659 


00673 


79232 


43 


46 36 


14 24 


20845 


99426 


21420 


78530 


00575 


79165 


42 


46 28 


14 32 


20922 


99423 


21499 


78501 


00577 


79078 


41 


10 46 20 


1 14 40 


9.20999 


9.99421 


9.21578 


10.78422 


10.00679 


10.79001 


40 


46 12 


14 48 


21076 


99419 


21657 


78343 


00581 


78924 


39 


46 4 


14 56 


21153 


99417 


21736 


782641 


00583 


78847 


38 


44 66 


16 4 


21229 


99416 


21814 78186 


00586 


78771 


37 


44 48 


16 12 


21306 


99413 


21893 


78107 


00687 


78694 


36 


10 44 40 


1 15 20 


9.21382 


9.99411 


9.21971 


10.78029 


10.00589 


10.78618 


35 


44 32 


15 28 


21458 


99409 


22049 


77951 


00691 


78642 


84 


44 24 


15 36 


21534 


99407 


22127 


77873 


00593 


78466 


33 


44 16 


16 44 


21610 


99404 


22205 


77795 


00596 


78390 


32 


44 8 


16 52 


21685 


99402 


22283 


77717 


00598 


78315 


31 


10 44 


1 16 


9.21761 


9.99400 


9.22361 


10.77639 


10.00600 


10.78239 


30 


48 62 


16 8 


21836 


99398 


22438 


77662 


00602 


78164 


29 


43 44 


16 16 


21912 


99396 


22516 


77484 


00604 


78088 


28 


43 36 


16 24 


21987 


99394 


22593 


77407 


00606 


78013 


27 


43 28 


16 32 


22062 


99392 


22670 


77330 


00608 


77938 


26 


10 43 20 


1 16 40 


9.22137 


9.99390 


9.22747 


10.77263 


10.00610 


10.77863 


26 


43 12 


16 48 


22211 


99388 


22824 


77176 


00612 


77789 


24 


43 4 


16 56 


22286 


99386 


22901 


77099 


00615 


77714 


23 


42 66 


17 4 


22361 


99383 


22977 


77023 


00617 


77639 


22 


42 48 


17 12 


22435 


99381 


23054 


76946 


00619 


77566 


21 


10 42 40 


1 17 20 


9.22509 


9.99379 


9.23130 


10.76870 


10.00621 


10.77491 


20 


42 32 


17 28 


22583 


99377 


23206 


76794 


00623 


77417 


19 


42 24 


17 36 


22657 


99376 


23283 


76717 


00625 


77343 


18 


42 16 


17 44 


22731 


99372 


23359 


76641 


00628 


77269 


17 


42 8 


17 62 


22805 


99370 


23436 


76566 


00630 


77195 


16 

16 


10 42 


1 18 


9.22878 


9.99368 


9.23510 


10.76490 


10.00632 


10.77122 


41 62 


18 8 


22952 


99366 


23686 


76414 


00634 


77048 


14 


41 44 


18 16 


23026 


99364 


23661 


76339 


00636 


76975 


13 


41 36 


18 24 


23098 


99362 


23737 


76263 


00638 


76902 


12 


41 28 


18 32 


23171 


99359 


23812 


76188 


00641 


76829 


11 


10 41 20 


1 18 40 


9.23244 


9.99357 


9.23887 


10.76113 


10.00643 


10.76756 


10 


41 12 


18 48 


23317 


99356 


23962 


76038 


00645 


76683 


9 


41 4 


18 56 


23390 


99353 


24037 


76963 


00647 


76610 


8 


40 66 


19 4 


23462 


99351 


24112 


76888 


00649 


76638 


7 


40 48 


19 12 


23535 


99348 


24186 


76814 


00652 


76466 


6 


10 40 40 


1 19 20 


9.23607 


9.99346 


9.24261 


10.76739 


10.00654 


10.76893 


6 


40 32 


19 28 


23679 


99344 


24385 


75666 


00656 


7C321 


4 


40 24 


19 36 


23752 


99342 


24^10 


76590 


00658 


76248 


3 


40 16 


19 44 


23823 


99340 


24484 


76516 


00660 


76177 


2 


40 8 


19 52 


23895 


99337 


24558 


76442 


00663 


76105 


1 


40 


20 


23967 


99336 


24632 


75368 


00665 


76033 





HourrJi. 


HourA.H. 


Co-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-secant Secant 1 


M 



k^gs. 



Aa 



l>gii. 80. 



10 Degs. 



Log. Sines, Tangents and Secants. 



Deg 



I M |HourA.M.| ilourp.M. 



L 





1 

2 
3 
4 



10 40 
89 52 
39 44 
39 3G 
39 28 



20 
20 
20 16 
20 24 
20 32 



Sine. Co-sine. 



6 
6 
7 
8 
9 



10 39 20 
39 12 
39 4 
38 66 
38 48 



10 
U 
12 
13 
14 



20 40 
20 48 

20 66 

21 4 
21J2 



9.23967 
24039 
24110 
24181 
24253 



9.99335 
99333 
99331 
99328 
99326 



10 38 40 
38 32 
38 24 
38 16 
38 8 



9.24324 
24395 
24466 
24536 
24607 



1 21 20 9.24677 



21 23 
21 36 
21 U 

21 52 



15 
16 
17 
18 
19 



20 

21 
22 
23 
24 



25 
26 
27 
28 
29 



•10 38 
37 52 
37 U 
37 36 
37 28 



10 37 20 
37 12 
37 4 
36 56 
36 48 



10 



30 
31 
32 
33 
34 



35 
36 
37 
38 
39 



40 
41 
42 
43 

44 



36 40 
36 32 
36 24 
36 16 
36 8 



10 



1 o)**! 

22 
22 16 
22 24 
22 32 



24748 
24818 
24888 
24953 



Tangent. 



9.24632 
24706 



Co-tang.i Secant. |Co-sec 



10. 75368J10. 00665110. 76( 
752941 006671 76J 



247791 76221 
24853 76147 
24926 75074 



9.99324 
99322 
99319 
99317 
99315 



9.99313 
99310 
99308 
99306 
99304 



9.25000 
26073 
25146 
25219 
25292 



10.75000 

74927 
74854 
74781 
74708 



00669 
00672 
00674 



9.25365 
25437 
25510 

25682 
25665 



9.25028 
2509f! 
251 6f5 
25237 
25307 



1 22 40 
22 48 

22 56 

23 4 
23 12 



1 



23 20 
23 28 
23 36 
23 44 
23 52 



36 
35 52 
35 44 
35 3(1 
35 28 



10 



35 
35 
36 
34 
34 



20 
12 

4 
56 
48 



45 
46 
47 
48 
49 



60 
61 
62 
63 
64 



66 
66 
67 
58 

59 
60 



10 34 40 
34 32 
34 24 
34 16 
34 8 



24 
24 
24 16 

U 24 
24 32 



9.25376 
254-].5 
25514 
25583 
25652 



9.99301 
9.0299 
99297 
99294 
99292 



9.99290 
99288 
99285 
99283 
99201 



9.25727 
26799 
26871 
25943 
26015 



10.74635 
74563 
74490 
74418 
74345 



10.00676 
00678 
00681 
00683 
00685 



76' 



10.75( 

76< 
151 
76^ 

1 76; 



10.74273 
74201 
74129 
74057 
73985 



9.25721 
25790 

26850 
25927 
25995 



9.26063 
26131 
26199 
26267 
26335 



24 40 
24 48 
24 56 
26 



26 



4 
12 



9 



26103 
26470 
26538 
26605 
26672 



9.99278 
99276 
99274 
99271 
99269 



9.99267 
99264 
99262 
99260 
99257 



9.99255 
99252 
99250 
99248 
99245 



9.26086 
26 150 
26229 
26301 
26372 



10.73914 

73842 
73771 
73699 
73628 



9.26443 
26514 
26585 
26655 
26726 



9.26797 
26867 
26937 
27008 
27070 



25 20 
25 28 
25 36 

25 44 

26 52 



10 34 
33 52 
33 44 
33 36 
33 28 



10 33 20 
33 12 
33 4 
32 56 
32 48 



10 32 40 
32 32 
32 24 
32 16 
32 8 
32 



M iHourp.M. 
J on Dofis. 



26 
26 
26 16 
26 24 
26 32 



9.26739 
26806 
26873 
26040 
27007 



26 40 
26 48 

26 56 

27 4 
27 12 



27 20 
27 28 
27 36 
27 44 

27 52 

28 



HourA.M. 



9.27073 
27140 
27206 
27273 
27339 



,27406 
27471 
27537 
27602 
27668 



9.99243 

99241 

99238 

99236 

•99233 



9.99231 
99229 
99226 
99224 
99221 



9.99219 
99217 
99214 
99212 
99209 



9.27734 
27799 
27864 
27930 
27995 
28060 



Co-sine, 



9.99207 
99204 
99202 
99200 
99197 
99195 



Sine. 



9.27148 
27218 
27288 
27357 
27427 



10.00687 
00690 
00692 
00694 
00696 



10.00699 
00701 
00703 
00706 
00708 



10.75; 

76: 

75 
76 

76' 



10.73567 

73486 
73415 
73345 
73274 



10.78203 
73133 

73063 
72992 
72922 



9.27496 
27566 
27635 
27704 
27773 



10.72852 
72782 
72712 
72643 
72573 



10.00710 
00712 
00715 
00717 
00719 



10.00722 
00724 
00726 
00729 
00731 



10.74 
74 
74 
74 
74 



10.74 
74 

74 
74 
74 



10.00733 
00736 
00738 
00740 
00743 



9.27842 
27911 
27980 
28049 
28117 



9.28186 
28254 
28323 
28391 
28459 



9.28527 
28595 
28662 
28730 
28798 
28865 



Co-tang. 



10.72504 
72434 
72366 
72296 
72227 



10.72158 
72089 
72020 
71961 
71883 



10.71814 
71746 
71677 
71609 
71541 



10.71473 
71405 
71338 
71270 
71202 
71135 



Tangent. 



10.00745 
00748 
00750 
00752 
00755 



10.74 
74 
74 
74 
14 



10.75 
V. 
Tc 
75 
Tc 



10.75 
75 
75 
11 



11 



10.00767 
00759 
00762 
00764 
00767 



10.00769 
00771 
00774 
00776 
00779 



10. 



00781 
00783 
00786 
00788 
00791 



10. 



00793 
00796 
00798 
00800 
00803 
00805 



Co-secant 



10.71 
7i 
7: 

7J 



10.75 

li 
T, 
li 
T. 



10.7! 

7: 

7! 
7! 
7! 



10.7! 

T. 
T. 
T. 
li 

i: 



Secf 



Degi. 



Log. Sines, Tangents and Secants. 



HonrAJE. 



[O SS 
31 52 
31 44 
31 3G 
31 28 



O 31 20 
31 12 
31 4 
30 56 
30 48 



LO 30 40 
30 32 
SO 24 
30 16 
30 8 



10 30 

29 52 

29 44 

, 29 36 

! 29 28 



10 29 20 
29 12 
29 41 
28 56 
28 48 



10 28 40 
28 32 
28 24 
28 16 
28 8 



10 28 
27 52 
£7 44 
27 36 
27 28 



10 27 20 
27 12 
27 4 
26 56 

' 26 48 

10 26 40 
26 32 
26 24 
26 
26 



16 

8 



10 26 
25 52 
25 44 
25 36 

25 28 



Hourp.M.| Sine. | Co-aine. 



28 
28 
28 
28 
28 




8 

16 
24 
32 



28 
28 
28 
29 
29 



40 
48 
56 
4 
12 



9.28060 
28125 
28190 
28254 
28319 



9.28384 
28448 
28512 
28577 
28641 




20 9.28705 



28769 
28833 
28896 
28960 



1 30 
30 
30 
31 
31 



40 
48 
56 

4 
12 



1 31 20 
31 28 
31 36 
31 44 
31 52 



32 
32 
32 16 
32 24 
32 32 



1 32 40 
32 48 

32 56 

33 4 
33 12 



33 20 
33 28 
33 36 
33 44 
33 52 



34 
34 8 
34 16 
34 24 
34 32 



9.29024 
29087 
29150 
29214 
29277 



9.29340 
29403 
29466 
29529 
29591 



9.29654y 
29716 
29779 
29841 
29903 



9.29966 
30028 
30090 
30151 
302131 



9.30275 
30336 
30398 
30459 
30521 



9.30582 
30643 
30704 
30765 
30826 



9.30887 
30947 
31008 
31068 
31129 



9.99195 
99192 
99190 
99187 
99185 



9.99182 
99180 
99177 
99175 
99172 



9.99170 
99167 
99165 
99162 
99160 



9.99167 
99155 
99152 
99150 
99147 



9.99145 
99142 
99140 
99137 
99135 



9.99132 
99130 
99127 
99124 
99122 



9.99119 
99117 
99114 
99112 
99109 



9.99106 
99104 
99101 
99099 
99096 



Tangent. 



Co-teng. 



9.28865 
28933 
29000 
290B7 
291341 



9.29201 
29268 
29335 
29402 
29468 



9.29535 
29601 
29668 
29734 
29800 



9.29866 
29932 
29998 
30064 
30130 



9.30195 
30261 
30326 
30391 
30457 



9.30522 
30587 
30652 
30717 
30782 



9.30846 
30911 
30975 
31040 
31104 



9.31168 
31233 
31297 
31361 
31425 



9.99093 
99091 
99088 
99086 
99083 



9.99080 
99078 
99075 
99072 
99070 



9.31489 
31552 
31616 
31679 
31743 



9.31806 
31870 
31933 
31996 
32059 



10.71135 
71067 
71000 
70933 
70866 



10.70799 
70732 
70665 
70598 
70532 



10.7046510 
70399 
70332 
70266 
70200 



10.70134 
70068 
70002 
69936 
69870 



10.69805 
69739 
69674 
69609 
69543 



10.69478 
69413 
69348 
69283 
69218 



10.69154 
69089 
69025 
68960 
68896 



10.68832 
68767 
68703 
68639 
68575 



10.68511 
68448 
68384 
68321 
68257 



Secant. 



10.00805 
00808 
00810 
00813 
00815 



10.00818 
00820 
00823 
00825 
00828 



Peg. 168. 

doHwcant 



10.71940 
71875 
71810 
71746 
71681 



M 



60 
59 
68 
67 
56 



10.71616 
71552 
71488 
71423 
71359 



.00830 
00833 
00835 
00838 
00840 



10, 



00843 
00845 
00848 
00850 
00853 



10.00856 
00858 
00860 
00863 
00865 



10.00868 
00870 
00873 
00876 
00878 



10.00881 
00883 
00886 
00888 
00891 



10.00894 
00896 
00899 
00901 
00904 



10.00907 
00909 
00912 
00914 
00917 



10.68194 10.00920 10.69113 
68130 00922 69053 
68067 00925 68992 
68004 00928 68932 
67941 00930 68871 



10.71295 
71231 
71167 
71104 
71040 



10.70976 
70913 
70850 
70786 
707231 



10.70660 
70597 
70534 
70471 
70409 



10.70346 
70284 
70221 
70159 
70097 



10, 



.70034 
69972 
69910 
69849 
69787 



10.69726 
69664 
69602 
69541 

694791 



10.69418 
69367 
69296 
69236 
69174 



55 
64 
63 
62 
51 



60 
49 
48 
47 
46 



45 
44 

43 
42 
41 



40 
39 
38 
37 
36 



36 
34 

33 
32 
31 



30 
29 
28 
27 
26 



26 
24 

23 

22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 25 20 

25 12 

26 4 
24 56 
24 48 



1 34 40 
34 48 

34 56 

35 4 

36 12 



9.31189 
31250 
31310 
31370 
31430 



9.99067 
99064 
99062 
99059 
99056 



9.32122 10.67878 10.00933 
32185 67816 00936 
32248 67762 00938 
32311 67689 00941 
323731 67627 00944 



10 



.68811 
68750 
68690 
68630 
68570 



10 
9 
8 

7 
6 



10 24 40 
24 32 
24 24 
24 
24 
24 



16 
8 




36 20 
36 28 
36 36 
36 44 
36 52 
36 



3 



9.31490 
31549 
31609 
31669 
31728 
31788 



9.99054 
99051 
99048 
99046 
99043 
99040 



9.32436 
32498 
32561 
32623 
32685 
32747 



10.67664 
67602 
67439 
67377 
67315 
67253 



Honrp.M. HourA.M.* Co-rine. 
Pegs. 



gine. ' Co-tangJTangent 



10.00946 
00949 
00962 
00954 
00957 
0096 



3 



10.68510 
68451 
68391 
68331 
68272 
68212 



6 
4 

3 

2 
1 




Co-secant' Secant. 



M 



1)691.78. 



Log. Sines, Tangents and Secants. 



UDegg. 



M 




1 
2 

3 



6 
6 
7 
8 
9 



10 
11 
12 
13 
14 



15 
16 
17 

18 

19 



SO 
21 
22 
23 
24 



2A 
26 
27 
28 
29 



30 
31 
32 
33 
34 



36 
36 
37 
38 
39 



40 
41 
42 
43 
44 



45 

46 
47 
48 
49 



50 
51 
52 
63 
54 



55 
56 
57 

58 
59 

— 
M 



HoarA.M.|Honrp.M 



Peg 



lO 24 
23 52 
23 44 
23 36 
23 28 



10 23 20 
23 12 
23 
22 56 
22 48 



10 22 40 
22 32 
22 24 
22 16 
22 8 



10 22 
21 52 
21 44 
il 36 
21 28 



10 21 20 
21 12 
21 4 
20 56 
20 48 



[1020 40 
20 32 
SO 24 
20 16 
SO 8 



10 20 
19 52 
19 44 

19 36 
19 28 



10 



19 20 
19 12 
19 4 
18 56 
18 48 



10 18 40 
18 32 
18 24 
18 16 
18 8 



10 







8 



1 36 
36 
36 16 
36 24 
36 32 



36 40 
36 48 

36 561 
37 

37 12 



1 37 20 9.32378 



37 28 
37 36 
37 44 
37 62 



38 
38 
38 16 
38 
38 



8 



24 
32 



38 40 
38 48 

38 56 

39 4 
39 12 



39 20 
39 28 
39 36 
39 44 
39 5S 



01 
8 



1 40 
40 
40 16 
40 24 
40 32 



40 40 
40 48 

40 66 

41 4 
41 12 



1 41 20 

41 28 

41 36 

41 44 

41 62 



18 
17 52 
17 44 

17 36 
17 28 



10 17 20 
17 12 
17 4 

16 66 
16 48 



10 



16 40 
16 32 
16 24 
16 16 



16 
16 



Hourp.M. 



42 
42 8 
42 16 
42 24 
42 32 



1 42 40 
42 48 

42 66 

43 4 
43 12 



43 20 
43 28 
43 36 
43 44 

43 62 

44 



HoarA.M. 



Sine. 



9.31788 9.99040 9.32747'10.67253 10.00960 



31847 
31907 
31966 
32025 



9.32084 
32143 
32202 
32261 
32319 



32437 
32496 
32653 
32612 



9.32670 
32728 
32786 
32844 
32902 



9.32960 
33018 
33075 
33133 
33190 



9.33248 
33305 
33362 
33420 
83477 



9.33534 
33691 
33647 
337041 
33761 



Co-sine. Tangent. |Co-taug. 



99038 
99036 
99032 
99030 



9.99027 9.3305710.6694310.00973 
99024 33119 66881 00976 
99022 33180 66820 00978 



99019 33242 



99016 



9 990131 9.9336510.66635110.0098710.67622 
99011 33426 66574 00989 67563 
33487 66513 00992 67505 
33548 66462 00995 67447 
66391 00998 67388 



99008 
99005 



99002 33609 



9.99000 
98997 
98994 
98991 
98989 



9.98986 
98983 
98980 
98978 
98975 



9.98972 
98969 
98967 
98964 
98961 



9.33818 
33874 
33931 
33987 
34043 



9.34100 
34166 
34212 
34268 
34324 



9.34380 
34436 
34491 
34647 
34602 



9.98958 
98956 
98953 
98960 
98947 



9.98944 
98941 
98938 
98936 
98933 



9.98930 
98927 
98924 
98921 
98919 



9.98916 
98913 
98910 
98907 
98904 



9.34658 
3471^ 
34769 
34824! 
34879 



9.34934 
34989 
35044 
36099 
36164 
36209 



Co-sine. 



9.98901 
98898 
98896 
98893 
98890 



9.98887 
98884 
98881 
98878 
98876 
98872 



32810 
32872 



32933 67067 00968 



32995 



33303 



9.33670 
33731 
33792 
33853 
33913 



9.33974 
34034 
34096 
34155 
34215 



9.34276 
34336 
34396 
34466 
34616 



9.34676 
34635 
34695 
34765 

348141 



9.34874 
34933 
34992 
35051 
35111 



9.36170 
35229 
36288 
35347 
35406 



9.35757 
36815 
35873 
36931 
36989 



9.36047 
36106 
36163 
36221 
36279 
36336 



671901 00962 



67128 



67005 



66768 



66G97 00984 



10.66330 
66269 
66208 
66147 
66087 



10.66026 10.01014 10.67040 
65966 01017 66982 
65906 01020 66925 
65845 01022 66867 
65785 01025 66810 



10.66724 
66664 
66604 
65544 
65484 



10.65424 
65365 
65305 
66245 
66186 



10.65126 
65067 
65008 
64949 
64889 



10.64830 
64771 
64712 
64663 
64696 



9.3546410.64636 
35623 64477 
35681 64419 
36640 64360 
36698 64302 



10.6424310 
G4185 
64127 
64069 
64011 



10.63953 
63896 
63837 
63779 
63721 
636641 



Sine. Co-tang. J^gent. |Co-secant' Secant. 



Secant. iCo-secant 



J55 

VIO 



00965 



00970 



00981 



10 



.6821S 
68152 
6809S 
68034 
6797^ 

.67916 
67857 
67798 
67739 
67681 



10.01000 
01003 
01006 
01009 
01011 



10 



.01028 
01031 
01033 
01036 
01039 



10.01042 
01045 
01047 
01060 
01053 



10.01056 
01069 
01062 
01064 
01067 



10.01070 
01073 
01076 
01079 
01081 



10.01084 
01087 
01090 
01093 
01096 



.01099 
01102 
01104 
01107 
OHIO 



10.01113 
01116 
01119 
01122 
01125 
01128 



10.67330 
67272 
67214 
67156 
67098 



10.66752 
66695 
66638 
66580 
665231 



10.66466 
66409 
66353 
66296 
66239 



10.6618S 
66126 
66069 
66013 
65957 



10.65900 
65844 
65788 
65733 
65676 



10.65620 
65564 
65509 
65453 
65398 



10.65342 
65287 
65231 
65176 
65121 



10.65066 
65011 
64956 
64901 
64846 
64791 



102DegB. 



I>e9 



/ 



13 Pegs. 



Log. Sines, Tangents and Secants. 



Degi. 166. 



M |HoiirA.M 




1 

2 
3 
4 



6 
6 

7 
8 
9 



10 
11 
IS 
IS 
14 



15 

16 
17 

18 
19 



SU 
SI 

ss 

23 
24 



8d 
S6 
27 
S8 
S9 



30 
31 
3S 
33 

34 



35 
36 
37 
38 

39 I 



10 



10 



10 



10 



lU 



10 



10 



10 



40 to" 



41 
4S 
43 
44 



6 01 
5 52 

5 U 

6 36 
5 28 



6 20 
5 12 
5 4 
4 56 
4 48 



40 
32 

24 

16 

8 



4 
3 52 
3 44 
3 36 
3 S28 



20 
12 

4 



2 56 
2 48 



2 40 
2 32 
2 24 
2 16 
2 8 



2 
1 52 
1 44 
f 36 
1 28 



1 20 
1 12 
1 4 
56 
48 



40 
32 
24 
16 
8 



45 
46 
47 
48 
49 



50 
51 

52 
63 
b4, 



10 



10 
9 
9 
9 
9 




52 
44 
36 
28 



10 



9 20 
9 12 
9 4 
8 56 
8 48 



65 
66 
bl 
68 
69 

M 



10 



8 40 
8 32 
8 24 
8 IC 
8 8 
8 



iHourr.M. 



Hoiirp.ii.| Sine. 



44 
44 
44 

44 24 

44 32 



01 

81 

16 



44 40 
44 48 

44 56 

45 4 
45 12 



45 20 
45 28 
45 36 
45 44 
45 52 



46 
46 
46 16 
46 24 
46 32 



46 40 
46 48 

46 56 

47 4 
47 12 



1 47 20 
47 28 
47 36 
47 44 
47 52 



1 48 
48 8 
48 16 
48 24 
48 32 



48 40 
48 48 

48 56 

49 4 
49 12 



1 49 20 
49 28 
49 36 
49 44 
49 52 



50 
50 
50 16 
50 24 
50 32 



1 50 40 
50 48 

50 56 

51 4 
51 12 



1 51 20 
51 28 
51 36 
51 44 

51 52 

52 



HourA.M. 



9.35209 
35263 
35318 
35373 
35427 



9.35481 
35536 
35590 
35644 
35698 



Co-rine. 



9.98872 
98869 
98867 
98864 
98861 



9.98858 
98855 
98852 
98849 
98846 



9.35752 
35806 
35860 
35914 
35968 



9.36022 
36075 
36129 
36132 
36236 



9.36289 
36342 
36395 
36419 
36502 



9.36555 
86608 
36660 
36713 
36766 



9.36819 
36871 
36924 
36976 
37028 



9.87081 
37133 
37185 

37237 
37289 



9.37341 
37393 
37445 
37497 
37549 



9.37600 
37662 
37703 
37765 
37806 



9.37858 
37909 
37960 
38011 
38062 



9.38113 
38164 
38215 
382G6 
38317 
38368 



Co-sine. 



9.98843 
98840 
98837 
98834 
98831 



9.98828 
98825 
98822 
98819 
98816 



Tangent 



9.36336 
36394 
36452 
36509 
36566 



9.36624 
36681 
36738 
36795 
36852 



9.36909 
36966 
37023 
37080 
37137 



9.98813 
98810 
98807 
98804 
98801 



9.98798 
98795 
98792 
98789 
98786 



9.98783 
98780 
98777 
987741 
98771 



9.98768 
98765 
98762 
98759 
98756 



9.98753 
98750 
98746 
98743 
98740 



9.98737 
98734 
98731 
98728 
98725 



9.98722 
98719 
98715 
98712 
98709 



9.98706 
98703 
98700 
98697 
98694 
98690 



9.37193 
37250 
37306 
37363 
37419 



9.37476 
37532 
37588 
37644 
37700 



9.37756 
37812 
37868 
37924 
37980 



9.38035 
38091 
38147 
38202 
38257 



9.38313 
38368 
38428 
38479 
385341 



9.38589 
38644 
38699 
38754 
38808 



9.38863 
38918 
38972 
39027 
39082 



9.39136 
39190 
39245 
39299 
39353 



9.39407 
39461 
39515 
39569 
39623 
39677 



Co-tang. 



Secant. |Co-flecaikt| M 



10.6366410.01128 
63606 01131 
63548 011331 



63491 
63434 



10.63376 
63319 
63262 
63205 
63148 



10.63091 
63034 
62977 
62920 
62863 



10. 



62807 
62750 
62694 
62637 
62581 



10. 



62524110 

62468 

62412 

62356 

62300 



10.62244 
62188 
62132 
62076 
62020 



10.61965 
61909 
61853 
61798 
61743 



10 



.61687 
61632 
61577 
61521 
61466 



10 



.61411 
61356 
61301 
61246 
61192 



10 



.61137 
61082 
61028 
60973 
60918 



10.60864 
60810 
60755 
60701 
60647 



10.60593 
60539 
60485 
60431 
60377 
60323 



01136 
01139 



10.01142 
01145 
01148 
01151 
011541 



10.01157 
01160 
01163 
01166 
01169 



10 



.01172 
01175 
01178 
01181 
011841 



.01187 
01190 
01193 
01196 
01199 



10.01202 
01205 
01208 
01211 
012141 



10.01217 
01220 
01223 
01226 
01229 



10 



.0123210. 
01235 
01238 
01241 

01244 



10 



.01247 
01250 
01254 
01257 
01260 



10 



.01263 
01266 
01269 
01272 
01275 



10.01278 
01281 
01285 
01288 
01291 



10.0129410 
01297 
01300 
01303 
01306 
01310 



10.64791 
64737 
64682 
64627 
64573 



10.64519 
64464 
64410 
64356 
64302 



10.64248 
64194 
64140 
64086 
64032 



10.63978 
63925 
63871 
63818 
63764 



10.63711 
63658 
63605 
63551 
63498 



10 



.63445 
63392 
63340 
63287 
63234 



10 



.63181 
63129 
63076 
63024 
62972 



62919 
62867 
62815 
62763 
62711 



10 



.62659 
62607 
62555 
62503 
62451 



10 



.62400 
62348 
62297 
62245 
62194 



10.621421 
62091 
62040 
61989 
61938 



.61887 
61836 
61785 
61734 
61683 
61632 



iOSDefis. 



Sine. ' Co-tang. TangentJCo.gecant Secant. M^ 

De<rs. 76. 



60 
59 
58 
57 

56 



55 
54 

53 
52 
51 



50 
49 
48 
47 
46 



45 
44 

43 
42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 
24 

23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 
7 
6 



5 

4 
3 
2 
1 




Log. Sines^ Tangents and Secants. 



) 





14 


Degs. 
















Deg.166. 




M 


HourA.M. 


IIourp.M. 


Sine. 


Co-sine. 


Tangent. 


Co-tan^. 


Secant. 


Co-Mcmnti ] 





10 8 





1 62 (> 


9.38368 


9.93690 


9.39677 


10. 60323*10. 01310110. 616321 


6 




1 


7 


52 


62 8 


38418 


986871 


39731 


60269 


013]» 


6158S 


6 




2 


7 


44 


62 16 


38469 


98684 


39786 


60215 


01316 


61631 


I 




3 


7 


36 


62 24 


38619 


98681 


39038 


60162 01319 


61481 


t 




4 


7 


28 


62 32 


38570 


98678 


39892 


60108 01322 


61430 


1 


5 


10 7 


SO 


1 62 40 


9.38620 


9.98676 


9.39945 


10.60055.10.01325:10.613801 


I 




6 


7 


12 


62 48 


38670 


98671 


39999 


60001 


01329 


61330 


I 




7 


7 


4 


62 56 


38721 


98668 


40052 


69943 


01332 


61279 


1 

4 




8 


6 


66 


63 4 


38771 


98665 


40106 


69894] 


013351 


61229 


I 




9 


6 


48 


63 12 


38821 


98662 


40159 


69841 


013381 61179 


I 


10 


10 6 


40 


1 63 20 


9.38871 


9.98659 


9.40212 


10.6978810.01341 


10.61129 


i 




11 


6 


32 


63 28 


38921 


98656 


40266 


69734 


01344 


61079 


i 




12 


6 


24 


63 36 


38971 


98652 


40319 


69681 


01348 


61029 


4 




IS 


6 


16 


63 44 


39021 


98649 


40372 


69628 


01351 


60979 






14 


6 


8 


63 62 


39071 


98646 


40425 


69376 


01364 


60929 






15 


10 6 





1 54 


9.39121 


9.98643 


9.'M)478 


10.59522 


10.01367 


10.60879 






16 


5 


62 


64 8 


39170 


98640 


40531 


69469 


01360 


60830 






17 


3 


44 


. 64 16 


39220 


98636 


40584 


69416 


01364 


60780 






18 


5 


36 


64 2^i 


39270 


98633 


40636 


69364 


01367 


60730 






19 


6 


23 


64 32 
1 64 40 


39.n9 


98630 


40609 


.59311 


01370 


60681 




20 


10 6 


20 


9.3I/369 


9.98627 


9.40742 


10.69258 


10.01373 


10.60631 






21 


5 


12 


b-% 48 


39418 


98623 


40795 


69205 


01377 


6058S 






net 


6 


4 


54 56 


39167 


9:u;20 


40847 


59153 


01380 


60533 






23 


4 


6C 


56 4 


39.";17 


9«617 


40900 


59100 


01383 


60483 






24 


4 


4ii 


65 1? 


i)\)r)(Hi 


90614 


40952 


69048 


01386 


60434 




23 


10 4 


40 


1 65 20 


9. 11961 5 


9.9:;6io 


9.41005, 


10.58995 


10.01390 


10.60386 






26 


4 


32 


55 28 


39664 


90607 


41057 


689'13 


01393 


603S6 






27 


4 


24 


56 36 


39713 


98604 


41109 


68091 


01396 


60287 






28 


4 


16 


55 U 


39762 


98601 


41161 


68039 


01399 


60238 






29 


4 


8 


65 52 


39011 


98597 


41214 


58786 


01403 


60189 




30 


10 4 





1 66 


9.39860 


9.98594 


9.41266 


10.58734 


10.01406 


10.6014(1 


1 




31 


3 


62 


66 8 


39909 


98691 


41318 


60682 


01409 


60091 






32 


3 


44 


66 16 


39958 


98688 


41370 


68630 


01412 


60042 






33 


3 


36 


66 24 


40006 


98684 


41422 


68578 


01416 


£9994 






S'i 


3 


28 


66 32 


40055 


98581 


41474 


68526 


01419 


59946 




36 


10 3 


20 


1 66 40 


9.40103 


9.98578 


9.41526 


10.68474 


10.01422 


10.69897 






36 


3 


12 


66 48 


40152 


98574 


41578 


58422 


01426 


59848 






37 


3 


4 


66 56 


40200 


98571 


41629 


68371 


01429 


69800 






38 


2 


66 


67 ^ 


40249 


98568 


41681 


68319 


01432 


69751 






39 


2 


48 


67 12 


40297 


98565 


41733 


68267 


01435 


59703 




40 


10 2 


40 


1 57 20 


9.40346 


9.98561 


9.41784 


10.58216 


10.01439 


10.69664 






41 


2 


32 


67 28 


40394 


98668 


41836 


68164 


014-12 


5960^ 






42 


2 


24 


67 36 


40442 


98555 


41087 


68113 


01445 


5955a 






43 


2 


16 


67 U 


4049a 


98561 


41939 


68061 


01449 


69510 






44 


2 


8 


67 62 


40630 


98548 


41990 


58010 


01452 


69462 




46 


10 2 





1 68 


9.'M)586 


9.98645 


9.42041 


10.57959 


10.01455 


10.59414 


^ 




46 




62 


58 8 


40634 


98541 


42093 


57907 


01459 


5D366 






47 




44 


68 16 


40682 


98538 


42144 


67856 


01462 


69318 






48 




36 


68 24 


40730 


98535 


42195 


67805 


01466 


69270 






49 




28 


68 32 


40778 


98531 


42246 


67734 


01469 


69222 




60 


10 1 


20 


1 68 40 


9.40025 


9.98528 


9.42297 


10.67703 


10.01472 


10.59176 


" 




61 




12 


68 48 


40873 


98525 


42348 


67652 


01476 


69127 






62 




4 


68 56 


40921 


93521 


42399 


67601 


01479 


69079 






63 





66 


69 4 


40968 


98318 


42430 


67350 


01482 


69032 






64 





48 


69 12 


41016 


98515 


42501 


57499 


01485 


58984 




66 


10 


40 


1 59 20 


9.41063 


9.93511 


9.42532 


10.57448 


10.01409 


10.58937 


■ 




66 





32 


59 28 


41111 


98508 


42603 


67397 


01492 


68889 






67 





24 


69 36 


41158 


98305 


42633 


67347 


01496 


68842 






68 





16 


69 4-1 


41205 


98301 


42704 


67296 


01499 


68796 






69 





8 


69 52 


41232 


90490 


42755 67245 


01502 


68748 






60 








2 


41300 


98494 


42805 


67195 


01606 


68700 




M Hoiirp.M.I 


iloUTA.M. 


Co-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-secant 


Secant. 


^ 




104 


Degs. 
















De«. 


1 




15Deg8. 



Log. Sines, Tangents and Secants. 



Degs. 164. 



M |HourA.M 




1 

S 
3 
4 



5 
6 

7 
8 
9 



10 
11 
IS 
13 
14 



Ifi 
16 
17 
18 

IL 
so 

SI 

ss 

S3 

S4 



Sfi 
S6 
S7 
S8 
S9 

30 
31 
3S 
33 
34 

35 

36 
37 
38 

^ 39 

40 
41 
4S 
43 
44 



10. 

9.69 52 

69 4A 

5d 36 

59 28 



9.59 
59 
59 
58 
58 



20 
12 
4 
56 
48 



46 
46 
47 
48 
49 



50 
51 
5S 
53 
54 



65 
56 
57 
58 
59 
CO 



9.58 
58 
58 
58 
58 



40 
32 
24 
16 
8 



9.58 
57 
57 
57 
57 




52 
44 
36 
28 



9.57 
57 
57 
56 
56 



20 
J2 
4 
56 
48 



9.66 40 
56 32 
56 2^1 
56 IG 
56 8 



9.56 
55 52 
55 44 
55 36 
55 28 



9.55 20 
55 12 
65 4 
54 56 
54 48 



9.54 40 
54 32 
54 24 
54 16 
54 8 



9.54 
53 52 
53 44 
53 36 
53 28 



9.53 20 
53 12 
53 4 
52 56 
52 48 



9.52 40 
52 32 
52 21 
52 16 
52 8 
52 



Hourp.M.| Sine. 













8 

16 

24 

32 







1 
1 



40 
48 
56 
4 
12 



1 
1 
1 
1 
1 



20 
28 
36 
44 
52 



2 2 

2 
S 
2 
2 





8 

16 

24 

32 



2 2 
2 
2 

3 
3 



40 
48 
56 
4 
12 



2 



3 
3 
3 
3 
3 



20 
28 
36 
4-1. 
52 



4 
4 
4 
4 
4 




8 

16 
24 
32 



2 4 

4 
4 
5 
5 



40 
48 
56 
4 
12 



2 



5 
5 
5 
5 
5 



20 
28 
36 

52 



2 6 
6 
6 
6 
6 



9.41300 
41347 
413941 
41441 
41488 



9.41535 
41582 
41628 
41675 
41722 



9.41768 
41815 
41861 
41908 
41954 



9.42001 
420-47 
42093 
42140 
42186 



9.42232 
42278 
42324 
42370 
42-116 



42507 
42553 
42599 
42641 



9.42690 
42735 
42701 
42826 
42872 



9.42917 
42962 
43008 
43053 
43098 



9.43143 
43188 
43233 
43278 
43323 





8 

16 

24 

32 



9.43367 
43412 
43457 
43502 
43546 



6 
6 
6 

7 
7 



40 
'IS 
56 
4 
12 



2 



M 



Hourr.M. 



7 
7 

7 
7 
7 
3 



20 
28 
36 
44 
52 




HoiirA.^tt. 



9.43591 
43635 
43680 
4372^1. 

'137Gy 



Co-sine. 



Tangent. Co-ton^. 



9.98494 
98491 
98488 
98484 
98481 



9.98477 
98474 
98471 
98467 
98464 



98'157 
98453 
93450 
98W.7 



9.984-13 
98440 
98436 
98433 
98429 



9.98426 
93122 
98419 
98413 
98412 



9.9d4()9 
93405 
98402 
98398 
98393 



9.98391 
98388 
98384 
98381 
93377 



9.98373 
98370 
983G6 
98363 
98859 



9.98356 
98352 
93349 
98345 
98312 



9.98338 
98334 
98331 
98327 
98324 



9.98320 
98317 
98313 
98309 
98306 



9.43in3 
43837! 
43901 
139 W 
43990 

_44034 

Co -sine. 



9.98302 
98299 
98295 
98291 
98288 
98281 



TjllW. 



9.-12805 
42856 
42906 
42957 
43007 



9.43057 
43108 
43158 
43208 
43258 



9.43308 
48358 
'13108 
43158 
43508 



9.43558 
43607 
4:5657 
43707 
43756 



9.4380G 
43833 
43903 
45934 
'14004 



9.44033 
41102 
4-1131 
44201 
4-12501 



9.44299 
'M3'18 
4'1397 
441-16 
41195 



9, 



'14541 
44592 
44611 
44690 
44738 



9.U787 
44836 
41884 
4'1933 
4'1981 



,9.45029 
45078 
45126 
45174 

45222 



9.45271 
45319 
45367 
45-115 

- 45463 



10.57195 
57141 
57094 
57043 
66993 



10.56943 
56892 
56842 
56792 
56742, 



10.56692 
56012 
56592 
56512 
56492 



Secant. |Co-8ecBni 



10.01506 
01509 
01512 
01516 
01519 



10 



.01323 
01326 
01529 
01333 
01.536 



10 



01340 
01513 
01517 
01550 
01553 



10.56-142 
56393 
56343 
56293 
56244] 



10. 



013.57 
01560 
01364 
01367 
01571 



10.56194110.01374 
56145 0157G 
56095 01381 
56046 01383 
55996 01588 



10.33917 
50898 
55849 
53799 
55730 



10.53701 
55632 
55603 
55554 
55505 



10.55456 
55'U)8 
55359 
55310 
55262 



10.01591 
01593 
01598 
01602 
01603 



10.01609 
01612 
01616 
01619 
01623 



10.01627 
01630 
0163-1 
01637 
01641 



10.58700 
5S633 
58606 
58559 
58512 



10. 



58465 
58418 
58372 
58325 
58278 



10. 



58232 
5C185 
58139 
58092 
58046 



10.57999 
37953 
57907 
57860 
57814 



10.37768 
57722 
57676 
57630 
67534 



10.37539 
57493 
574'17 
57401 
57356 



10.57310 

57265 
57219 
57174 
57128 



10.55213 
56161 
55116 
55067 
55019 



10.54971 
64922 
54874 
54826 
54778 



10.01614 
01648 
01651 
01655 
01658 



10.01662 
01666 
01669 
01673 
01676 



10.54729 
64681 
5'1633, 
51385 
51337 



10 



9.13311 
'1353!) 
45606 
'1565-11 
467021 
■|.37.'i0| 



10 



31189 
34411 
31394 
54^16 

54298 
54230! 



.01680 
01683 
01687 
03691 
01694 



10 



01(i08 
01701 
01703 
01709 
01712 
01716 



10.57083 
57038 
56992 
56947 
56902 



10.56857 
56812 
56767 
56722 
56677 



10.56633 
56588 
56543 
56498 
564541 



10 



56409 
56365 
56320 
56276 
56231 



W 



lOAt^tp. 



Co-lai^:.|Tan^o:it.iC\>->ccaiu 



36187 
56143 
56099 
56054 
56010 
55966 



M 



60 
59 
58 
57 
56 



55 
54 
53 
52 
61 



60 
49 
48 
47 
46 



45 
44 
43 
42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 
29 
28 
27 
26 



26 

24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
IS 
11 



10 
9 
8 
7 
6 



6 
4 

3 
2 
1 




Sfcaiit. IM 
i)e^. 74. 



f; 



16 Pegs. 



Logs. Sines, Taogents and Secants. 



Peg. 163. 



M 




t 

s 

3 

4 



A 
6 

7 
8 
9 



10 
II 
It 
13 
14 



15 
16 
17 
18 
19 



SO 
XI 



U 



S6 
S6 

t7 



t9 



90 
31 
32 
33 
34 



30 
36 
37 
38 
39 



40 
41 
42 
43 
44 



46 
46 
47 
48 
49 



BO 

fil 
62 
63 
64 



66 
66 
67 

68 
59 
60 



HoiirA.M. Honrpjf. 



9 62 
61 
61 
61 
61 



2 
62 
44 

36 

28 




8 



9 61 
61 
61 
60 
60 



20 
12 

4 
66 
48 



8 
8 
8 16 
8 24 

8 32 



9 60 
60 
60 
60 
60 



40 
32 
24 
16 

8 



60 
49 62 
49 44 
49 36 
49 28 



9 49 20 
49 12 
49 4 
48 66 
48 48 



9 48 40 
48 32 
48 24 
48 16 
48 8 



48 
47 62 
47 44 

47 36 
47 28 



47 201 
47 12 
47 4 
46 66 
46 48 



46 40 
46 32 
46 24 
46 16 
46 8 



9 46 
46 52 
46 44 
46 36 
45 28 



9 45 20 
46 12 
46 4 
44 56 
44 48 



44 32 
44 24 
44 16 

44 8 
4i 



8 40 
8 48 

8 66 

9 4 
9 12 



Sine. 



9.44034 
44078 
44122 
44166 
44210 



9.44263 
44297 
44341 
44385 
44428 



9 20 
9 28 
9 36 
9 44 
9 52 



2 10 
10 8 
10 16 
10 24 
10 32 



10 401 
10 48 

10 56 

11 4 
11 1% 



9.44472 
44516 
44559 
44602 
4461^) 



Co-sine. 



9.98284 
98281 
98277 
98273 
98270 



9.9826G 
982G2 
98259 
98255 
98251 



9.44689 
44733 
44776 
44819 
44862 



11 20 
11 28 
11 36 
11 44 
11 52 





8 



IX 

IS 
12 16 
IS 241 
IS 32 



12 40 
12 48 

12 56 

13 4 
13 12 



13 20 
13 23 
13 36 
13 4-1 
13 52 



14 
14 
14 





8 

16 



14 24 
14 32 



9.44905 
44948 
44992 
46035 
46077 



9.45120 
46163 
46206 
46249 
46292 



9.46334 
46377 
45419 

46462 
46504 



9.45547 

45589 
45632 
45674 
45716 



9.45758J 
45801 
45843 
45885 
45927 



14 40 
14 48 

14 56 

15 41 
15 12 



9 44 40 2 15 20 



15 28 
15 36 
15 44 

15 52 

16 



9.45969 
46011 
46053 
46095 
46136 



9.46178 
46220 
46262 
46303 
4631.5 



9.46386 
46(28 
46469 
46511 
46552 
16594 



9.98248 
98244 
98240 
98237 
98233 



9.98229 
98226 
98222 
98218 
98215 



9.98211 
98207 
98204 
98200 
98196 



9.98192 
98189 
98185 
98181 
98177 



9.98174 
98170 
98166 
98162 
98159 



9.98155 
98151 
98147 
98144 
98140 



9.98136 
98132 
98129 
98125 
98121 



9.98117 
98113 
98110 
98106 
98102 



9.98098 
98094 
98090 
98087 
98083 



^ M jHoiirp.M.lHourA.M ! r n>?in'?. 
106 Degs. " 



9.98079 
9i;075 

9;;o7i 

98067 

9;;()(i;> 



Tangent. 



9.46750 
45797 
46845 
45892 
45940 



9.45987 
46035 
46082 
46130 
46177 



9.46224 
46271 
46319 
46366 
46-113 



9.46460 
46507 
465541 
46601 
46648 



9.46694 
46741 
46788 
46835 
46881 



9.46928 
46975 
47021 
47068 
471141 



9.47160 
47207 
47253 
47299 
47346 



9.47392 
47438 
47484 
47530 
47576 



9.47622 
47668 
47714 
47760 
47806 

9.47852 
47897 
47943 
47989 
48035 



9.48080 
48126 
48171 
48217 
'18262 



9.4i;307 
48353 
48398 
484'4r5 



Co-tang.| Secant |Co-6ecot| M 



10.54250 
64203 
64155 
54108 
54060 



10.54013 
53965 
63918 
63870 
53823 



10.53776 
53729 
53681 
53634 
53587 



10.53540 
63493 
53446 
53399 
53352 



10 



.53306 
53259 
63212 
53165 
63119 



10 



.53072 
630S5 

52979 
52932 
52886 



10.52840 
52793 
52747 
52701 
52654 



10.52608 
52562 
52516 
52470 
52424 



10.52378 
52332 
52286 
52240 
52194 



10.52148 
52103 
52057 
52011 

51965 



10.51920 
61874 
51829 
51783 
61738 



48-lS9| 

4;;r>oii 

< 'f i-i.iiii: I 



10.51693 
51617 
51602 
51.'>.57 
51/>ll 
5Mr>( 

TiiiijL:nii.|(;i> 



10.01716 
01719 
017S3 
01727 
01730 



10.01734 
01738 
01741 
01745 
01749 



10.0176210 

01756 

01760 

01763 

01767 



10.01771 
01774 
01778 
0178S 
01785 



10. 



01789 
01793 
01796 
01800 
01804 



10. 



01808 
01811 
01815 
01819 
01823 



10.01826 
01830 
01834 
01838 
01841 



10.01846 
01849 
01853 
01856 
01860 



10.01864 
01868 
01871 
01875 
01879 



10.01883 
01887 
01890 
01894 
01898 



10. 



01902 
01906 
01910 



01 



913 



01917 



10 



01 
01 



01 
01 



I 



921 
925 



01929 



933 
)37 



Oiy-K) 



10.66966 
569SS 
66878 
66834 
56790 



10.6ff747 
56703 
06669 
55615 
55572 



.55528 
55484 
65441 
65398 
66354 



10.56311 
66X67 
66SS4 
66181 
66138 



10.66096 
6605S 
66008 
64965 



60 
69 
66 
ff7 
66 



66 
64 
63 

0S 
61 



60 

4S 
48 
47 
46 



46 
44 
4S 
4S 

41 



40 
39 
38. 
37 




10.64666 
646S3 
64581 
64538 
64496 



10.644531 
64411 
64368 
64326 
64284 



10. 



30 
S9 
S8 
27 

Sft 
S4 



SI 



10. 



64S4X 
64199 
64157 
64116 
54073 

64031 
63989 
63947 
63905 
63864 



10.53822 
63780 
53738 
63697 
53655 



10.53614 
53572 
53531 
53489 
534'18 
53406i 



i.Ii.'i' si'cuni SocauL j 



19 
18 
17 

H 

16 

14 

13 

IS 

n_ 

10 

9 
8 
7 

6 
4 

3 

1 
M 



t>egi.73. 



\ 



Log. Sines, Tangents and Secants. 



17D<«k 














Degi 


. 162. 




M 


HoarA-M. 


Honrp.H. 


Sine. 


Co-sine. 


Tangent 


Co-tang. 1 Secant. 


Co-iecaiit M | 


1 





944 01 


2 16 oi 


9.46594 


9.98060 


9.48534 


10.61466 


10.0194010.63406 


60 


1 


43 52 


16 8 


46635 


98056 


48579 


61421 


01944 


63366 


69 




t 


43 44 


16 16 


46676 


98052 


48624 


61376 


01948 


63324 


68 




3 


43 36 


16 24 


46717 


98048 


48669 


61331 


01952 


63283 


67 




4 


43 28 


16 32 


46758 


98044 


48714 


61286 


01956 


63242 


66 




6 


9 43 20 


2 16 40 


9.46800 


9.98040 


9.48759 


10.51241 


10.01960 


10.63200 


66 


6 


43 12 


16 48 


46841 


98036 


48804 


61196 


01964 


63159 


54 




7 


43 4 


16 56 


46882 


98032 


48849 


61151 


01968 


63118 


53 




8 


42 66 


17 4 


46923 


98029 


48894 


61106 


01971 


63077 


62 




9 


42 48 


17 12 


46964 


98025 


40939 


61061 


01976 


63036 


61 




10 


9 42 40 


2 17 20 


9.47005 


9.98021 


9.48984 


10.61016 


10.01979 


10.62996 


60 


11 


42 32 


17 28 


47045 


98017 


49029 


60971 


01983 


62955 


49 




IS 


42 24 


17 36 


47086 


98013 


49073 


60927 


01987 


62914 


48 




IS 


42 16 


17 44 


47127 


98009 


49118 


60882 


01991 


62873 


47 




14 


42 8 


17 52 


47168 


98005 


49163 


60837 


01996 


62832 


46 




15 


9 42 


2 18 


9.47209 


9.98001 


9.49207 


10.60793 


10.01999 


10.62791 


46 


16 


41 62 


18 8 


47249 


97997 


49252 


60748 


02003 


62761 


44 




17 


41 44 


18 16 


47290 


97993 


49296 


60704 


02007 


62710 


49 




18 


41 36 


18 24 


47330 


97989 


49341 


60659 


02011 


62670 


42 




19 


41 28 


18 32 


47371 


97986 


49385 


60616 


02014 


62629 


41 




SO 


9 41 20 


2 18 40 


9.47411 


9.97982 


9.49430 


10.50670 


10.02018 


10.62589 


40 


SI 


41 12 


18 48 


47452 


97978 


49474 


60526 


02022 


52548 


39 




22 


41 4 


18 56 


47492 


97974 


49619 


60481 


02026 


52608 


38 




23 


40 56 


19 4 


47533 


97970 


49563 


60437 


02030 


52467 


37 




S4 


40 48 


19 12 


47573 


97966 


49607 


60393 


02034 


52427 


86 




S5 


9 40 40 


2 19 20 


9.47613 


9.97962 


9.49652 


10.60348 


10,02038 


10.62387 


35 


S6 


40 32 


19 28 


47654 


97958 


49696 


60304 


02042 


52346 


34 




S7 


40 24 


19 36 


47694 


97954 


49740 


60260 


02046 


62306 


33 




28 


40 16 


19 44 


47734 


97950 


49784 


60216 


02050 


52266 


32 




29 
30 


40 8 


19 52 


47774 


97946 


49828 


60172 


02054 


62226 


31 




9 40 


2 20 


9.47814 


9.97942 


9.49872 


10.50128 


10.02058 


10.62186 


30 


31 


39 52 


20 8 


47854 


97938 


49916 


60084 


02062 


52146 


29 




32 


39 44 


20 16 


47894 


97934 


49960 


60040 


02066 


52106 


28 




33 


39 36 


20 24 


47934 


97930 


50004 


49996 


02070 


52066 


27 




34 

36 


39 28 


20 32 


47974 


97926 


60048 


49952 


02074 


52026 


26 




9 39 20 


2 20 40 


9.48014 


9.97922 


9.60092 


10.49908 10.0207^ 


10.51986 


25 


36 


39 12 


20 48 


48054 


97918 


60136 


49864 02082 


51946 


24 




37 


39 4 


20 56 


48094 


97914 


50180 


49820> 02086 


51906 


23 




38 


38 56 


21 4 


48133 


97910 


50223 


49777 


02090 


51867 


22 




39 


38 48 


21 12 


48173 


97906 


60267 


49733 


02094 


51827 


21 




40 


9 38 40 


2 21 20 


9.48213 


9.97902 


9.50311 


10.49689 


10.02098j 


10.61787 


20 


41 


38 32 


21 28 


48252 


97898 


60355 


49645 


02102. 


51748 


19 




4S 


38 24 


21 36 


48292 


97894 


60398 


49602 


02106 


51708 


18 




43 


38 16 


21 44 


48332 


97890 


60442 


49658 


02110 


51668 


17 




44 


38 8 


21 52 


48371 


97886 


60485 


49515 


021 14| 


61629 


16 


1 


46 


9 38 


2 22 


9.48411 


9.97882 


9.60529 


10.49471 


10.02118 


10.61689 


16 


46 


37 52 


22 8 


48450 


97878 


60672 


49428 


02122 


61660 


14 




47 


37 44 


22 16 


48490 


97874 


60616 


49384 


02126 


51610 


13 




48 


37 36 


22 24 


48529 


97870 


60669 


49341 


02130 


51471 


12 




49 


37 28 


22 32 


48568 


97866 


60703 


49297 


02134 


61432 


11 




fiO 


9 37 20 


2 22 40 


9.48607 


9.97861 


9.60746 


10.49254 


10.02139 


10.51393 


10 


51 


37 12 


22 48 


48647 


97867 


60789 


49211 


02143 


51363 


9 




5S 


37 4 


22 56 


48686 


97853 


60833 


49167 


02147 


61314 


8 




53 


36 56 


23 4 


48725 


97849 


60876 


49124 


02151 


51276 


7 




54 


36 48 


23 12 


48764 


97845 


50919 


49081 


02155 


61236 


6 




56 


9 36 4(^ 


2 23 20 


9.48803 


9.97841 


9.50962 


10.49038 


10.02159 


10.61197 


5 




66 


36 32 


23 28 


48842 


97837 


51005 


48995 


02163 


61158 


4 




61 


36 24 


23 36 


48881 


97833 


61048 


48952 


02167 


61119 


3 




58 


36 16 


23 44 


48920 


97829 


61092 


48908 


02171 


61080 


2 


■ 


\ 59 


36 8 


23 52 


48959 


97825 


51135 


48865 


02175 


61041 


1 




60 


36 


24 


48998 


97821 


51178 


48822 


02179 


61002 







' M 


H0111T.M. 


Hour A.M. 


Co-aine. 


Sine. 


Cotang. 


Tangent. 


Co-secant Secant. ' M 




'iivri] 


te£8. 






B 


b 


f 




«lo 


^. Im. 





ISDega 



Log. Sines^ Tangents and Secants. 



M 




1 

s 

3 

4 



6 
6 
7 
8 
9 



10 
11 
12 
13 
14 



16 
16 
17 
18 
19 



20 
21 

22 
23 
24 



25 
25 
27 
28 
29 



30 
31 

32 
33 
34 



3d 
36 
37 
38 
39 



40 
41 

43 
43 
44 



45 
46 
47 
48 
49 



50 
51 
52 
53 
54 



55 

56 
57 
58 
59 
CO 



M 



HOUFA.M. 



36 
35 52 
35 44 
35 3G 
35 28 



35 20 
35 12 
35 4 
34 56! 
34 48 



Hourp.M.j Sine. Co-sine. 



2 24 
24 8 
24 16 
24 24 
24 32 



2-i 4U 
24 48 

24 50 

25 4 
25 12 



34 40. 
34 32 
34 24 
34 16 
34 8 



34 
33 52 
33 44 
33 3G 
33 23 



33 20 
33 12 
33 4 
32 56 
32 48 



9 32 40 
32 32 
32 24 
32 16 
32 8 



9 32 
31 52 
31 44 
31 36 
31 28 



31 20 
3J 12 
31 4 
30 56 
30 48 



30 40 
30 32 
30 24 
30 16 
30 8 



9 30 
29 52 
29 44 
29 36 
29 28 



29 20 
29 12 
29 4 
28 56 
28 48 



.9 28 40 
28 32 
28 24 
28 
28 
28 



16 
8 




Hourp.M. 



25 20 
25 28 
25 36 
25 44 
25 52 



26 
26 8 
26 16 
26 24 
26 33 



9.48998 
49087 
49076 
49115 
49153 



9.49192 
49231 
49269 
49308 
49347 



9.49385 
4942i 
49462 
49500 
49531) 



2 26 40 
26 48 

26 56 

27 4 
27 12 



27 20 
27 28 
27 30 
27 U 
27 52 



2 28 
28 8 
28 16 
28 24 
28 32 



2 28 40 
28 48 
28 56 
29 
29 



4 
12 



2 29 20 
29 28 
29 36 
29 44 

29 52 



2 30 
30 « 
90 16 
iO 24 
30 32 



2 30 40 
30 48 
30 56 
31 
31 



4 
12 



31 20 
31 28 
31 36 
31 44 

31 62 

32 



HourA.M. 



9.49577 
496 1:> 
49654 
49692 
49730 



9.97821 
97817 
97812 
97808 
97804 



9.97800 
97796 
97792 
97788 
97784 



Tangent. 



Co- tang. 



9.51178 
51221 
61264 
51306 
51349 



9.97779 
97776 
97771 
97767 
97763 



9.97769 
97754 
97750 
97746 
97742 



9.4!i^6« 
4!)!'06 
49841. 
49802 
49920 



9.97738 
9773 i 
9772y 
97726 
97721 



9.491J68 
49996 
50034 
50072 
50110 



9.60148 
60185 
50223 
60261 
5021);] 



9.50336 
50374 
60411 
60449 
60486 



9.50623 
50561 
60598 
60636 
60673 



9.97717 

97713 

97703 

97704 

■97700 



9.97696 
97691 
97687 
97683 
97679 



9.97674 
97670 
97666 
97662 
97667 



9.60710 
50747 
50784 
60821 
50858 



9.50396 
50933 
60970 
61007 
51043 



9.61080 
61117 
61164 
61191 
61227 
61264 



Co-sine. 



9.97653 
97649 
97646 
D7640 
97636 



9.97632 
97628 
97623 
97619 
97616 



9.97610 
97606 
97602 
97597 
97693 



9.97689 
97684 
97680 
97576 
97571 
97567 



Sine. 



9.51392 
51435 
51478 
51520 
51563 



9.51606 
51 6-18 
51691 
51734 
51776 



9.51819 
51861 
51903 
61946 
5198JJ 



9.62031 
52073 
621 16 
62l.'57 
62200 



9.522-1.2 
52234 
62326 
52368 
52410 



9. 62^152 
52494 
62536 
52578 
62620 



9.52661 
62703 
52746 
62787 
62829 



9.62870 
62912 
52953 
52996 
63037 



9.53078 
53120 
53161 
53202 
53244 



9.63285 
63327 
53368 
53409 
63460 



9.. 03492 
63633 
63574 
63616 
63656 
63697 



Co-tang. 



10.48822110.02179 
487791 02183 
48736 02188 
48694 0219S 
48651 02196 



10.48608 
48565 
48522 
48480 
48437 



10.48394 
48352 
48309 
48266 
48224 



10.48181 
48139 
48097 
48054 
48012 



Secant. 



10.02200 
0S204 
0S208 
OSSIS 
0SS16 



10.02221 
02226 
02S29 
02233 
02237 



10.02241 
02246 
02250 
02254 
02258 



10.47969 
47927 
47885 
47843 
47800 



10.47758 
47716 
47674 
47632 
47590 



10.47548 
47506 
47464 
47422 
47380 



10.47339 
47297 
47256 
47213 
47171 



10.47130 
47088 
47047 
47006 
46963 



10.46922 
46880 
46839 
46798 
46756 



10.46715 
46673 
46632 
46591 
46550 



10.46508 
46467 
46426 
46385 
46344 
46303 



Tangent. 



10.022621 
02266 
02271 
02276 
02279 



10.0228310 
02287 
02292 
02396 
02300 



10.02326 
02330 
02334 
02338 
02343 



10.02347 
02351 
02356 
02360 
02364 



10.02368 
02372 
02377 
02381 
023851 



10.02390 
02394 
02398 
02403 
02407 



10.02411 
02416 
02420 
02424 
02429 
02433 



Co-secant 



Co-secBiit 



Deff. 161. \ 



w 



10.61002 
50963 
60924 
60885 
50847 



10.60808 
50769 
60731 
50692 
60663 



10.60615 
50576 
50538 
50500 
50461 



10.60423 
60386 
50346 
60308 
60270 



10.60232 
60194 
60156 
60118 
60080 



60 
59 
58 
67 
56 



56 
64 

6S 
62 
61 



60 
49 
48 
47 
46 



45 
44 
43 
42 
41 



40 
39 
38 
37 
36 




10.0230410.49862 
02309 49816 
02313 49777 
02317 49739 
02321 49702 



10.49664 
49626 
49689 
49561 
49514 



10.49477 
49489 
49402 
49366 
49327 



30 
29 
28 
27 
26 



26 
24 
23 
22 

21 



20 
19 
18 
17 
16 



10.49290 
49263 
49216 
49179 
49142 



10.491041 
49067 
49030 
48993 
48957 



10.48920 
48883 
48846 
48809 
48773 
48736 



16 
14 
13 
12 
11 



10 
9 
8 
7 
6 



Secant. | M 



6 
4 
3 
2 
1 




1 



li 
i: 



I 
I 



« 



103 Degs. 



Deg8.71. 



/ 



Long. Sines, Tangents and Secants. 



19Degs. 














Dega 


.160. 




M 


HourAJi. 


Hourp.H. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant. 1 


Co-secantj M 







9 28 


2 32 


9.51264 


9.97567 


9.63697 


10.4630310.024331 


10.48736 60 


. 


1 


27 62 


32 8 


51301 


97563 


53738 


46262 


02437 


48699 69 




2 


27 44 


32 16 


51338 


97558 


53779 


46221 


02442 


48662 


68 




3 


27 36 


32 24 


51374 


97554 


53820 


46180 


02446 


48626 


57 




4 


27 28 


32 32 


51411 


97550 


53861 


46139 


02450 


48589 


56 




6 


9 27 20 


2 32 40 


9.61447 


9.97545 


9.53902 


10.46098 


10.02455 


10.48553 


56 




6 


27 12 


32 48 


51484 


97541 


53943 


46057 


02459 


48516 


64 




7 


27 4 


32 56 


51520 


97536 


53984 


46016 


02464 


48480 


53 




8 


26 66 


33 4 


51557 


97532 


54025 


45975 


02468 


48443 


62 




9 


26 48 


33 12 


51593 


97528 


54065 


45935 


02472 


48407 


51 
50 




10 


9 26 40 


2 33 20 


9.51629 


9.97523 


9.54106 


10.45894 


10.02477 


10.48371 




11 


26 32 


33 28 


5166G 


97519 


54147 


45853 


02481 


48334 


49 




IS 


26 24 


33 36 


51702 


97515 


54187 


45813 


02485 


48298 


48 




13 


26 16 


33 44 


51738 


97510 


64228 


45772 


02490 


48262 


47 




14 


26 8 


33 52 


51774 


97506 


54269 


45731 


02494 


48226 


46 




15 


9 26 


2 34 


9.51811 


9.97501 


9.54309 


10.45691 


10.02499 


10.48189 


46 




16 


26 62 


34 8 


51847 


97497 


54350 


45650 


02503 


48153 


44 




17 


25 44 


34 16 


51883 


97492 


54390 


45610 


02508 


48117 


43 




18 


25 36 


34 24 


51919 


97488 


54431 


45569 


02512 


48081 


42 




19 


25 28 


34 32 


51955 


97484 


64471 


45529 


02516 


48045 


41 




20 


9 25 20 


2 34 40 


9.51991 


9.97479 


9.54512 


10.45488 


10.02521 


10.48009 


40 




SI 


25 12 


34 48 


52027 


97475 


54552 


45448 


02525 


47973 


39 




tst 


25 4 


34 56 


52063 


97470 


54593 


45407 


02530 


47937 


38 




S3 


24 56 


35 4 


52099 


97466 


54633 


45367 


02534 


47901 


37 




S4 


24 48 


35 12 


62135 


97461 


54673 


45327 


02539 


47865 


36 




26 


9 24 40 


2 35 20 


9.52171 


9.97457 


9.54714 


10.45286 


10.02543 


10.47829 36 




S6 


24 32 


35 28 


52207 


97453 


54754 


45246 


02547 


47793: 34 




S7 


24 24 


35 36 


■ 52242 


97448 


54794 


45206 


02552 


47768 


33 




S8 


24 16 


35 44 


52278 


97444 


64835 


45165 


02556 


47722 


32 




S9 


24 ^ 


35 52 


52314 


97439 


64875 


45125 


02561 


47686 


31 




30 


9 24 


2 36 


9.52350 


9.97435 


9.54915 


10.45085 


10.02565 


10.47660 


30 




31 


23 52 


36 8 


52385 


97430 


54955 


45045 


02570 


47615 


29 




32 


23 44 


36 16 


52421 


97426 


54995 


45005 


02574 


47679 


28 




1 33 


23 36 


36 24 


52456 


97421 


55035 


44965 


02579 


47544 


27 




i r 34 


23 28 


36 32 


52492 


97417 


55075 


44925 


02583 


47608 


26 




i 35 


9 23 20 


2 36 40 


9.52527 


9.97412 


9.55115 


10.44885 


10 02588 


10.47473 


26 




; 36 

- 37 


23 12 


36 48 


52563 


97408 


55155 


44845 


02592 


47437 


24 




23 4 


36 56 


52598 


97403 


55195 


44805 


02597 


47402 


23 




I 38 


22 56 


37 4 


52634 


97399 


65235 


44765 


02601 


47366 


22 




- .39 


22 48 


37 12 


52669 


97394 


55275 


44725 


02606 


47331 


21 




5 40 

: 41 


9 22 40 


2 37 20 


9.52705 


9.97390 


9.55315 


10.44685 


10.02610 


10.47295 


20 




22 32 


37 28 


52740 


97385 


55355 


44645 


02615 


47260 


19 




n 4s 


22 24 


37 36 


52775 


97381 


55395 


44605 


02619 


47225 


18 




es 


22 16 


37 44 


52811 


97376 


55434 


44566 


02624 


47189 


17 




22 8 


37 52 


52846 


97372 


55474 


44526 


02628 


47164 


16 




s 


9 22 


2 38 


9.52881 


9.97367 


9.55514 


10.44486 


10.02633 


10.47119 


15 




21 52 


38 8 


52916 


97363 


55554 


44446 


02637 


47084 


14 




21 44 


38 16 


52951 


97368 


66593 


44407 


02642 


47049 


13 




21 36 


38 24 


52986 


97353 


65633 


44367 


02647 


47014 


12 




; 49 


21 28 


38 32 


53021 


97349 


55673 


44327 


02651 


46979 


11 




60 
61 


9 21 20 


2 38-40 


9.53056 


9.97344 


9.55712 


10.44288 


10.02656 


10.46944 


10 




21 12 


38 48 


53092 


97340 


55752 


44248 


02660 


46908 


9 




6S 


21 4 


38 56 


53126 


97335 


55791 


44209 


02665 


46874 


8 




63 


20 56 


39 4 


53161 


97331 


55831 


44169 


02669 


46839 


7 




64 


20 48 


39 12 


53196 


97326 


55870 


44130 


02674 


46804 


6 




66 


9 20 40 


2 39 20 


9.53231 


9.97322 


9.55910 


10.44090 


10.02678 


10.46769 


6 




66 


20 32 


39 28 


532G6 


97317 


55949 


44051 


02683 


46734 


4 




67 


20 24 


39 36 


53301 


97312 


55989 


44011 


02688 


46699 


3 




1 68' 


20 16 


39 44 


53336 


97308 


56028 


43972 


02692 


46664 


2 




1 69 


20 8 


39 52 


53370 


97303 


56067 


43933 


02697 


46630 


1 




leo 


20 


40 


53405 


97299 


r)6107 


43893 


02701 


46595 




\W 


Hourp.M. 


HOUTA.H. 


Co-sine. 


Sine. 


Co-tang. 'Tangent. 


Co-s<tcant 


Secant. 1 M 




109 


Dera. 














Degs. 


70. 










Log, Sines, Tangenls and Secants 








MDw- D^BilBS. J. 


ra. 


Hour A.M. 


Hourr.-. 


S'me. 


CtMine, 


■r«.pe»t, 


Co-lang. 


Secant. 


Cc-«ca.ti 


s 




9 ao 


1 40 C 


9.53405 


9.97S99 


9.56107 


10.13893 


10.0*701 


10.16596 


IT 




19 as 


40 a 


53410 


97294 


56146 


43854 




46560 


59 




19 44 


40 16 


53476 




6filS6 


43B16 


0S711 


46625 


6S 




19 36 




53503 




eGSS4 




02715 


46481 


67 




13 20 


10 32 


63544 
9.53578 


"sS 


56964 
9.66303 


43736 
10.43G97 


10.82724 


-4fi4H 
10.46429 


4 


U 19 20 


t 40 40 




19 12 


40 46 


5361; 


'97271 


66343 


43651: 




463S7 


H 




19 4. 


10 56 


53G47 




6fi381 


4361 S 


0*73^ 


4635! 


a 








53681 




6G420 


4358C 


0273! 


46316 


u 




la 11 


41 12 


53716 


97267 


66459 


43541 


02743 


462B4 


51 




9 IB 40 


i4l 2( 


3,53751 


9.972521 


9.86198 


I0.4350i 


10,02748 


ID.46i49 


50 




18 3S 


41 2^ 


637a; 


37248 


66 .'137 


1346; 


0276" 


46216 






18 24 


11 36 


53819 


97S13 


56676 




02757 


46181 


4i 




IB !fi 


41 41 


63364 


973311 


56015 


4338: 


02762 


4614G 


41 






' 11 SS 


53883 


97S34 


56654 


43346 


02766 


4611S 


M 




9 IQ D 


I IS » 


9,53922 


9.97239 


9,56693 


10.13J07 


10.0S771 


10.46078 


U 




17 5S 


4! 8 


fisyai 


97224 


66732 


43268 


01776 


46043 






17 44 


42 IS 


53991 


97220 


6S771 


4322; 


02780 


46009 


U 




17 !16 


42 24 


5402a 


37215 


56810 




02735 


45375 


1! 




17 SB 


42 3t 


M069 


97210 


56S19 


43151 


02790 


43911 




~Io" 


9 17 20 


lis 10 


3.64093 


3.9720e 


9.56887 


10.13113 


10.02794 


10.45907 


«■ 


tl 


17 11 


IS 4S 


611S7 


97201 


66926 


43071 


OS733 


45873 


39 


12 


17 4 


42 56 


51161 


97196 


56365 


43035 


02804 


46S3S 


sa 


13 


IG EG 


43 4 


51196 


97193 


S7001 


12996 


02808 


46S05 


ST 


34 


IG 43 


ftlE 


51229 


97187 


57042 


45968 


02813 


45771 


36 


!3 


9 IG 40 


1 43 20 


9.5126; 


3.971BS 


3.57081 


10.13919 


I0.0231B 


10.45737 


Si 


te 


16 3S 


43 28 


54297 


97173 


57120 


42BS0 


02B22 


46703 


34 


n 


le 24 


43 36 


64331 


97173 


6715B 


4E81!; 


OtBll 


4666! 


33 


is 


IG IG 




51369 


97163 


67197 




0SB32 


45631 


St 


t9 


IG 8 


13 5i 


61399 


97163 


S7SS5 


12765 


0S837 


46601 


«1 


30 


9 IG 


2 11 


9.54133 


9.97159 


9.57271 


10.48728 


10.02841 


10.45567 


» 


31 


IS 5! 


44 8 


64166i 


37154 


67312 


42688 


02846 


45634 


S9 


33 


15 44 


44 16 


54600 


97143 


5735 


42649 


02B51 


4S50O 


K 


33 


15 36 


44 SI 


6463* 


9714o 


57389 


42611 


02855 


45466 


a 


31 


15 W 


41 32 


54567 


97140 


5712B 


42671 




45433 


26 


~if 


g 15 20 


t 44 40 


9.64601 


9.97135 


9.67466 


10.42534 


10 .0*863 


10.46399 


u 


36 


15 IS 




54635 


97130 




42136 


0*870 


4636B 


H 


37 




44 56 




97 12^, 




42157 


0*874 


45332 


» 


31i 


14 56 




5470i 


9712 


57 JG 


42119 


02B79 


45396 


IS 


39 


14 48 


45 12 


54735 


97116 


S76I9 


19381 


02881 


45266 


21 


-35" 


3 U 40 


S 45 20 


9.54769 


9.9711 


9.67650 


IU.1S34S 


10.02BB9 


10.4523 


S 


41 


14 3! 


45 28 


5180S 


97107 


67696 


4230. 


0*833 


48198 


19 


42 






54636 


97102 


67734 


422(ir 


0*838 


48164 


IB 


43 




45 44 


5486! 


97037 




4322B 


0S903 


4613 


17 


U 


11 K 


45 52 




9703« 


57811 


42190 


0S908 


46097 


16 


45 


9 14 


£ 46 


9.5493G 


9-370B7 


S. 67849 


10.4216 


1D.DS913 


10.46064 




40 


13 53 


46 8 


64969 




67387 


42113 


02917 


4503 




4-7 


13 4 


46 16 


55003 


9707 Ei 


57925 


4207D 


02322 


44997 


13 


IB 


13 36 


4fi 24 


55036 


37073 


5796" 


42037 


023-7 


44964 


12 


49 


13 38 


46 32 




9706« 


5000 


939 




4493 


11 






















M 


9 13 lU 


346 M 


9.5510i 


9.97065 


9,6B03 




2 37 


10.4489 


"To 


Al 


13 IS 


46 48 


55136 


97069 


5807 






448G4 




fit 


13 4 


46 56 


65169 


9705. 


5811 







4433 




33 


13 56 


47 4 


65202, 


97019 


6B16 






4479G 


1 


i4 


12 IS 


47 IS 


5523S 


97044 


6B19 


09 


56 


41766 


G 


GS 


9 12 40 


2 n SO 


9.66268 


9.37039 








10.44732 


s 


5fi 


12 32 


47 SB 


66301 


97036 


5826'. 




02965 


44699 


4 


57 


12 21 


47 36 


66334 


97030 


58301 


41696 


02370 


44666 




M 


12 16 


47 44 


56367 


97026 


6B342 


41658 


02975 


44633 




59 




47 62 




97020 


6B3B0 


41620 


OS98U 


. 44600 




60 


12 


48 




37016 


5S41B 


4I5B2 


0*985 


44567 





M 


Houri-.H 


HourA.>J Co->ine. 


Sine, i C(Htnne 


■>-»"P"" 


Co-»KHIll 


Sec^L 


u 



J 



Degs. 



Log. Sinesy Tangents and Secants. 



Dega. 158. 



HoiirA.M. 



9 



12 

11 52 
11 44 
11 36 
11 2U 



Hourp.M. 



2 48 
48 
48 1G 
48 24 
4C 32 



11 20 
11 12 
11 4 
10 56 
10 48 



10 40 
10 32 
10 24 
10 ]G 
10 8 



10 

9 52 
9 44 
9 3G 
9 28 



2 48 40 
43 48 

48 56 

49 4 
49 12 



2 49 20 
49 28 
49 3G 
49 U 
49 52 



Sine. I Co-sine. 



9.554331 9.97015 
554GGI 97010 



55499 
55532 
5.j5G4 



9.55597 
55G.30 
55fi63 
55G95 
5.5728 



9 20 
9 12 
9 4 
8 56 
8 48 



8 40 
8 32 
8 24 
8 IG 
8 8 



2 50 
50 8 

50 in 

50 24 
50 32 

2 50 40 
50 4« 

50 56 

51 4 
51 12 



9.557G1 
55793 
6502G 
5.').';5JJ 
55:J'J1 



97005 
97001 
96996 



Tangent. 



9.96991 
96986 
96981 
969''6 
96971 



8 
7 52 
7 44 
7 36 
7 28 



7 20 
7 12 
7 4 
6 56 
6 48 



2 51 20 
51 28 
51 36 
51 44 
51 52 



9.55923 
55956 
55Unii 
56021 



9.56085 
56118 
56150 
56182 
56215 



9.96966 
96962 
96957 
96i»52 
96947 



9.58418 
584551 
68493 
58531 
68569 



Co-tang. 



10.41682 
41645 
41507 
41469 
41431 



9.58606 
68644 
58681 
58719 
68757 



10.41394 
41356 
41319 
41281 
41243 



Secant. 



10.02985 
02990 
029?5 
0299Q 
03004 



9.68794 
68832 
68869 
58907 
5894-4 



9.96942 
969.37 
96932 
96927 
9692!^ 



9.56247 
.56279 
56311 
56343 
56375 



6 40 

r> :it 

6 24 

C 16 

6 8 



6 

6 52 

5 4^1 

6 36 
5 28 



2 52 

52 
52 16 
52 24 
52 32 

52 48 

52 56 

53 4 
53 12 



2 63 20 
53 2a 
.W 36 
53 4i 
53 52 



9.56408 
56440 
56472 
56504 
5653(; 



9.5656iJ 
56599 
56631 
56663 
56695 



2 54 
54 
54 16 

rA 21 
51 SH 

2 54 1^ 
54 4J! 



9.. 56727 
56759 
567:M) 

56U54 



9.96917 
96912 
96907 
96903 
96898 



9.96893 
96888 
96883 
96878 
96873 



9.58^81 
59019 
59056 
59094 
59131 



10.41206 
411G8 
41131 
41093 
41056 



10.03009 
03014 
03019 
03024 
03029 



Co-secant 



10.44567 
44634 
44501 
44468 
44436 



10.03034 
03038 
03043 
03048 
03053 



10.41019110.03058 
40981 03063 



40944 
40906 
40869 



9.59168 
59206 
59243 
69280 
69317 



9.96868 
96863 
96858 
96853 
96848 



9.96843 
96838 
96833 
96828 
96823 



9.69354 
59391 
59429 
69466 
59503 



9.59540 
59577 
69614 
59651 
59688 



10.40832 
40795 
40757 
40720 
40683 



10.40646 
40609 
40571 
40534 
40497 



03068 
03073 
03078 



10.44403 
44370 
4-4337 
44305 
44272 



10.44239 
44207 
44174 
4-4142 
4410!) 



M 



60 
69 
68 
67 
66 



65 
64 
63 
62 
61 



60 
49 
48 
47 
46 



10.44077 
44044 

43979 
43947 



10.03083 
03088 
03093 
03097 
03102 



9.96818 
96813 
96808 
96803 
96798 



5 20 

6 12 
5 4 54 56 
4 56 55 4 
4 yC' 55 12 

4"40~o.-/ 20 



9.568.'!6 
56917 
5691-9 
56980 
.57(^2 

57075 
57107 
5713;i 
57l(iy 



9.96793 
96788 
96783 
y677S 
96772 



9.59725 
59762 
59799 
59835 
5yS72 



9.59909 
59946 
59983 
60019 
60056 



10.40460 
40423 
40386 
40349 
40312 



10.40275 
40238 
40201 
40165 
40128 



10.03107 
03112 
03117 
03122 
03127 



10.43915 
43882 
43850 
43818 
43786 



10.43763 
43721 
43689 
43657 
43625 



46 
44 
43 
42 
41 



40 
39 
38 
37 
36 



10.03132 
03137 
03142 
03147 
03152 



10.03157 
03162 
03167 
03172 
03177 



9.60093 
60130 
60166 
60203 
60240 



4 
4 
4 
4 
4 



32 
16 



,1 



55 2!J 
55 .36 

55 44 
65 52 

56 Oi 



9.. 57201 
57232 
57264 
57295 
57J26i 
57358 



.y6767 
y6762 
96757 
96752 
96747 



9.9671.2 
96737 
96732 
96727 
y6722 
96717 



9.60276 
60313 
6031-9 
60386 
60422 



10.40091 
40054 
40017 
39981 
39941 



10.39907 
39870 
39834 
39797 
39760 



mrp.M.jf iourA.'tfJ Co-&iue. | bijie 



9.60459 
60495 
60532 
60568 
60605 
60641 



10.39724 
39687 
39651 
39614 
39578 



10.03182 
03187 
03192 
03197 
03202 



10.43592 
43560 
43528 
43496 
43464 



10.43432 
43-^)1 
43369 
43337 
43305 



10.0.3207 
03212 
03217 

03222 
03228 



10.03233 
03238 
03243 
03248 
03253 



10.43273 
43241 
43210 
43178 
43146 



10.43114 

43083 
43051 
43020 
42988 



36 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



10.39541 
39505 
39468 
39432 
.39395 
39359 



Co-tang. Tangent. 



10.03258 
03263 
03268 
03273 
03278 
03283 



10.42956 
42925 
42893 
42862 
42831 



Co-secant 



10.42799 
42768 
42736 
42705 
42674 
42642' 



16 
14 
13 
12 
11 



10 
9 
8 

7 
6 



5 
4 

3 
2 
1 




S5ecant. | M 

Itegs.fia.'" 



Log. Sines, Tangents and Secants. 



SSDegi. 














DegLl 


M 


HoiirA.vj 


Hourpjf. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant |Co-iPGaiit| 





9 4 


t 66 


9.57358 


9.96717 


9.60641 


10. 393d9il0.03283!l0. 426421 i 


1 


3 62 


66 8 


67389 


96711 


60677 


39323 


03289 


42611 . 


2 


3 44 


66 16 


67420 


96706 


60714 


39336 


03294 


42680 


9 


3 36 


66 24 


67461 


96701 


60750 


39250 


03299 


42549 


4 


3 28 


56 32 


67482 


96696 


60786 


39214 


03304 


42618 


5 


9 320 


2 66 40 


9.67614 


9.96691 


9.60823 


10.39177 


10.03309 


10.42486 


6 


3 12 


66 48 


67646 


96686 


60859 


39141 


03314 


42466 


7 


3 4 


66 66 


67676 


96681 


60895 


39105 


03319 


42424 


8 


2 66 


67 4 


67607 


96676 


60931 


39069 


03324 


42393 


9 


248 


67 12 

• 


67638 


96670 


60967 


39033 


03330 


42362 


10 


9 2 40 


2 67 20 


9.67669 


9.96665 


9.61004 


10.38996 


10.03336 


10.42331 


11 


2 32 


67 28 


67700 


96660 


61040 


38960 


03340 


42300 


12 


2 24 


67 36 


67731 


96666 


61076 


38924 


03345 


42269 


13 


2 16 


67 44 


67762 


96650 


61112 


38888 


03360 


42238 


14 


2 8 


j 67 62 


67793 


96645 


61148 


38852 


03355 


42207 


16 


9 2 


I 2 68 


9.67824 


9.96610 


9.61184 


10.38816 


10.03360 


10.42176 


16 


1 62 


' 58 8 


67855 


96634 


61320 


38780 


03366 


42146 


17 


1 44 


68 16 


67885 


96629 


61256 


38744 


03371 


42116 


18 


1 36 


63 24 


67916 


96624 


61292 


387081 03376 


42084 


19 


1 28 


68 32 


57947 


96619 


61328 


38672 


03381 


42053 


20 


9 1 2(^ 


2 68 40 


9.67978 


9.96614 


9.61364 


10.38636 


10.03386 


10.42022 


21 


1 li^ 


68 48 


58008 


96608 


61400 


38600 


03392 


41092 


22 


1 4 


63 66 


68039 


96603 


61436 


38504 


03397 


41961 


23 


66 


69 4 


58070 


96598 


61472 


38538 


03402 


41930 


24 


48 


59 12 


68101 


96593 


61508 


38-t92 


03407 


41899 


2d 


9 40i 


2 59 SO 


9.68131 


9.96588 


9.6154'!. 


10.38456 


10.03^112 


10.41869 


26 


32 


69 28 


68163 


96582 


61579 


38431 


t 03418 


41830 


27 


24 
161 


69 36 


68192 


96577 


61615i 


38385 


03423 


41800 


28 


69 44 


68S23 


96572 


61651 


383-19 


03428 


417Tn 


29 


8 


69 52 


68263 


96567 


61687 


38313 


03433 


41747 


30 


9 


3 


9.68284 


9.96562 


9.61722 


10.38278 


10.03438 


10.41716 


31 


8 69 62 


8 


68314 


96566 


61758 


38242 


03444 


41686 


32 


69 44 


16 


58345 


96561 


6179-1 


38206 


03449 


41656 


33 


69 36 


24 


68376 


96646 


61830 


38170 


03464 


41626 


34 


69 28 


32 


58406 


96541 


61865 


38135 


03'159 


41594 


36 


8 69 20 


3 40 


9.58436 


9.96535 


9.61901 


10.38099 


10.03465 


10.41564 


36 


69 12 


48 


58467 


96530 


61936 


38064 


03470 


41533 


37 


69 4 


56 


68497 


96525 


61972 


38028 


03-475 


41603 


38 


68 66 


1 4 


58527 


96520 


62008 


37992 


03480 


41473 


39 


68 48i 


1 12 


68567 


96514 


62043 


37957 


03486 


41443 


40 


8 58 40 


3 1 20 


9.58588 


9.96509 


9.62079 


10.37921 


10.03491 


10.41412 


41 


68 32 


1 28 


58618 


96504 


62114 


37886 


03-196 


41382 


42 


58 24 


1 36 


58648 


96498 


62150 


. 37860 


03502 


41362 


43 


68 16 


1 44 


58678 


96493 


62186 


37816 


03507 


41322 


44 


58 8 


1 62 


68709 


96488 


62221 


37779 


03512 


41291 


46 


8 68 


3 2 


9.58739 


9.96483 


9.62256 


10.37744 


10.03517 


10.41261 


46 


67 62 


2 8 


58769 


96477 


62292 


37708 


03523 


41231 


47 


57 44 


2 16 


58799 


96472 


62327 


37673 


03528 


41201 


48 


57 36 


2 24 


58829 


96467 


62362 


37638 


03633 


41171 


49 


57 28 


2 32 


58859 


96461 


62398 


37602 


03539 


41141 


60 


8 67 20 


3 2 40 


9.53889 


9.96456 


9.62433 


10.37667 


10.03544 


10.41111 


61 


57 12 


2 48 


58919 


96451 


62468 


37532 


03549 


41081 


52 


57 4 


2 66 


58949 


9644.^j 


62504 


37496 


03555 


41051 


53 


56 56 


3 4 


58979 


96tl0 


62539 


37461 


03560 


41021 


54 


56 48 


3 12 


59009 


96135 


62574 


37426 


03565 


40991 


55 


8 56 40 


3 3 20 


9.59039 


9.96^9 


9.62609 


10.37391 


10.03571 


10.40961 


56 


56 3S 


3 28 


69069 


96424 


62645 


37355 


03576 


40931 


67 


56 24 


3 36 


69098 


96U9 


62680 


37320 


03581 


40902 


58 


56 16 


3 44 


59128 


96113 


G2715 


37285 


03587 


40872 


59 


56 8 


3 52 


59158 


96408 


62750 


37250 


03592 


40842 


60 


66 


4 


59188 


96403 


62705 


37215 


03597 


40812 


M 


Honrp.M. 


HOUI'A.M. 


Co-sine. 


Sine. 


Cotang. 


Tangent. 


Co-sticaiit 


Secant. 


112] 


\)efa. 














Dei 



M IHowA. 



I^g. Sipes, Tangents and Secants. 



: 8 06 



1 

s 

3 
4 



5 
6 

7 
8 
9 



10 
11 
IS 
13 
14 



15 
16 
17 
18 
19 



21 
SS 
S3 

S4 



i6 
S6 
27 
28 
29 



30 
31 
32 

33 

34 



35 
36 
37 
38 
39 



40 
.41 
:4S 
43 
44 



45 
46 
47 
48 
49 



50 
51 
52 
53 
54 



55 

56 
57 
58 
59 
60 



55 
55 
55 
55 





52 

S8 



8 55 
55 
55 
54 
54 



SO 
IS 

4 
5iS 
48 



8 54 
54 
54 
54 
54 



40 
3S 

24 

16 

8 



8 54 

53 
53 
53 
53 




52 
44 

36 
28 



8 53 
53 
53 
52 
52 



20 3 
12 

4 
56 
48 



8 58 
52 
52 
52 
52 



40 
32 
24 
16 
8 



8 52 
51 
51 
51 
51 




55 
44 

36 
28 



IT 



8 51 

51 
51 
50 
50 



20 
12 

4 
56 
48 



8 50 
50 
50 
50 
50 



40 
32 
24 
16 
8 



8 50 
49 
49 
49 
49 




52 
44 
36 

28 



8 49 
49 
49 
48 
48 



20 

IS 

4 

56 
48 



8 48 
48 
48 
48 
48 
48 



40 
32 
24 
16 
8 




Hoiirp.if.| Sin«. 



4 
4 
4 16 
424 
4 82 



4 40 

4 48 

4 56 

5 4 
5 12 



5 SO 
5 28 
5 36 
5 44 

5 52 



6 
6 
6 
6 
6 





8 

16 

24 

32 



6 40 
6 48 

6 66 

7 4 
7 15 



7 20 
7 28 
7 36 
7 44 

7 52 




8 



8 
8 
8 16 
8 24 
8 35 



8 40 
8 48 

8 56 

9 4 
9 12 



9 
9 
9 
9 
9 



20 
28 
36 
44 

52 



10 
10 8 
10 16 
10 24 
10 32 



10 40 
10 48 

10 56 

11 4 
11 IS 



11 20 
n 28 
n 36 
11 44 
11 52 
IS 



Hourr.v.iHoiirA.ii. 



9.5&I188 
59218 
59247 
59277 
59307 



Co-sine. 



9.96403 
96S97 
9639S 
96387 
96381 



9.59336 
59366 
59396 
59425 
59455 



9.59484 
59514 
59543 
59573 
59602 



9.96376 
96370 
96365 
96360 
96354 



9.59632 
59661 
59690 
59750 
59749 



9.59778 
59808 
59837 
59866 
59895 



9.59924 
59954 
59983 
60015 
60041 



9.9G349 
96348 
96338 
96333 
96357 



9.96325 
96316 
96311 
96305 
96300 



9.96294 
96289 
96284 
96578 
96573 



9.96267 
96565 
96256 
96551 
965451 



9.60070 
60099 
60158 
60157 
60186 



9.60215 
60244 
60573 
60302 
60331 



9.60359 
60388 
60417 
604U) 
60474 



9.60503 
60535 
60561 
60589 
60618 



9.60646 
60675 
60704 
60735 
60761 



9.6078U 
60818 
60846 
60875 
60903 
60931 



Co-une. 



9.96240 
96534 
96559 
96553 
96518 



9.96515 
96207 
96201 
96196 
96190 



9.96185 
96179 
96174 
96168 
96165 



9.96157] 
96151 
96146 
96140 
96135 



9.96129 
96153 
96118 
96112 
96107 



9.96101 
96095 
96090 
96084 
96079 
96073 



Sine. 



Tangent 



9.62785 10 
62820 
62855 
62890 
65926 



9.62961 
65996 
63031 
63066 
63101 



9.63135 
63170 
63205 
63540 
63575 



9.63310 10.36690110.03678 
63345 36655 03684 
63379 86621 03689 
63414 36586 03695 
634491 36551 03700 



9.63484 
63519 
63553 
63588 
63623 



9.63657 
63695 
6375C 
63761 
63796 



9.63830 
63865 
63899 
63934 
63968 



9.64003 
64037 
64072 
64106 
641401 



9.64175 
64209 
64243 
64278 
64312 



9.64346 
64381 
64415 
64449 
64483 



9.64517 
64552 
64586 
64620 
64654 



9.64688 
64722 
64756 
64790 
64824 
64858 



Co-tan^. 



De^. 156. 



I 



.37215 
37180 
37145 
37110 
37074 



10.37039 
37004 
36969 
36934 
36899 



10, 



36865 
36830 
36795 
86760 
36726 



10. 



36516 
36481 
36447 
SG415 
8637T 



10. 



36343 
36308 
36274 
36239 
36204 



10 



36170 
36135 
36101 
36066 
36032 



10.35997 
35963 
35928 
36894 
35860 



10. 



35825 
35791 
35757 
35722 
36688 



10.3565410 
35619 
36686 
36551 
36617 



10.35483 
35448 
36414 
35380 
36346 



10.35312 
35278 
36244 
36210 
36176 
36142 



Co-tang. T^BiB^nt 



Secant. 



10.03597 
03603 
03608 
03G13 
03619 



Co-secautj M I 



10.03G24 
03630 
03635 
03640 
03616 



10.03651 
03657 
03662 
03667 
03673 



10.03706 
03711 
03716 
03755 
03727 



10.03733 
03738 
03744 
03749 
03755 



10.03760 
03766 
03771 
03777 
03782 



10.03788 
03793 
03799 
03804 
03810 



10.03816 
03821 
03826 
03832 
03838 



.03843 
03849 
03854 
03860 
03865 



10.03871 
03877 
03885 
03888 
03893 



10.03899 
C3905 
03910 
03916 
03921 
03927 



Co-secant 



10.40812 
40782 
40763 
40723 
40693 



60 
69 
68 
57 
56 



10.40664 
406341 
40604^ 



40575! 
40545 ' 

10.40516, 
40486 
40457 
40427 
40398 



10.40368 
40339 
40310 
40280 
40261 



10 



40222 
40192 
40163 
40134 
40105 



10. 



40076 
40046 
40017 
39988 
399591 



10.3993$ 
39901 
39872 
39343 
39814 



10.39785 
39756 
39727 
39693 
39669 



10.39641 
39612 
39683 
39654 
39626 



10.39497 
39468 
39439 
39411 
393821 



10.39354 
39355 
39S9G 
39268 
39239 



65 
54 
63 
62 
51 

50 
49 
48 
47 
46 



45 
44 

43 
42 
41 



40 
39 
38 
87 
96 



35 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 
21 



SO 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 

7 
6 



10.39211 
39182] 
39164 
39125 
39097 
39069 



Secant 



4 
3 

1 





M 



Degs. 66. 









Lo". Sines, Taneeirts and Setant 










S4 


Deg.. 




Dep.. 155. 




M 


How... 


Hourp..i.| Sine. 


CJo-sine, |langeht.| C<i-taiig.| Secwif. 


&>.«™.il M 






S 4B 


3 12 OU.6093 


1 9.96073 9.64358110.3514 


10,03927 


lo.ssoesfMT 




1 


47 SJ 


12 Sl 60%Oi 960671 6439* 3510 


03933 






47 44 


12 161 609381 9606 


64936 


3507 


03938 


390121 58 






47 36 


12 24 61016 960« 


64960 


35O40 


039141 38984) 57 




4 


47 38 


12 3SJ 610451 9605 


64994 


36006 


03950| 389561 56 






1 8 47 £0 


3 12 401 9.6IOT3I 9.3604. 


9.66028 


10.34972 


10.03966 


10.38921 






a 


47 IS 


12 4 


61 [0 


9603 


65062 


34938 


03961 


3889 








47 4 


13 6 


611291 96034 


65096 


34904 


039GI 


3887 


53 






4C 56 


13 


6115 


9602 


65130 


34370 






52 




fl 


4fi 43 


13 1 


6118 


9602 


65164 


34836 


03971 


3331 


51 




"iiT 


y 46 40 


3 13 2 


9.6121 




9.65197 


1U.34M03 


10.03983 


10.38736 








46 3S 


13 2 


6124 


9601 


65231 


34769 


03989 


38768 


49 




13 


4G 54 


13 3( 


6127 


9600 


65266 


34735 


03996 




48 




13 


4G IC 


13 * 


6129 


96001 


66299 


3470 


04000 


38702 


47 






IS S 


13 6 


6132 


9599 


65339 




O4O06 


38674 


46 




~Is" 


B 46 fr 


3 14 


9.6136 


9.9593 


9.65366 


10.34634 


10.04012 


10.38646 






IC 


46 51 


14 


6133. 


9593 


65400 


34600 


04018 


3861; 


44 




17 


46 44 


14 1 


<il41 


95971 


65434 


54566 


04023 




43 




IB 






61433 


9597 


66*67 


34533 


01029 


3856: 


42 




ID 


45 is 


14 3 


G146G 


9596 


65501 


31499 


04035 


38594 


41 




SO 


S 45 M 


3 14 41. 


9.61494 


9.9596(1 


9.65536 


10.S4166 


10.04040 


10.3E606 


IT 






46 12 


14 4 


61622 


9S9M 


65563 


34432 


0401C 


3847B 


99 






46 4 


14 56 


61550 


9594 


66602 


34393 


O4062 


38450 


38 








16 . 


6 1678 


96942 


66636 


3436. 


04068 


38422 


37 




24 


44 43 




G1606 


95937 


65669 




04063 


38394 


36 




ys 


U 44 40 


3 15 20 


y. 61634 


9.9593 


9.68703 


10.34297 


10.04069 


10.38366 


IT 








16 as 


61662 


96926 


65736 


34264 


04076 


5833B 


31 




27 




16 36 


61689 


95920 


65770 


34230 


O4O80 


38311 


33 






44 16 


16 44 


6IT17 


95914 


65803 


34197 


04036 


38283 


S! 




gl> 


44 e 


15 62 


61745 


95908 


65B3T 


34163 


04092 


33255 


SI 




30 


a -u 


3 16 


9.61773 


9.95902 


9.66870 


10.34130 


10.04098 


10.3822- 






31 


43 5a 


16 e 


61800 


95897 


68904 


34096 


01103 




29 




32 


43 44 


16 16 


61833 


95391 


65937 


34063 


01109 


38 172 


S3 




33 


43 36 


16 24 
16 32 


61856 


95835 


6.')97I 


34039 


04115 


38144 


37 






43 3B 


61333 


95879 


66004 


33996 


04121 


3SI17 


26 




~3i 


3 43 20 


3 16 40 


9,61911 


9.96873 


9.66038 


0.33962 


10.04127 


10.38089 


26 








16 48 


61939 




66071 


33929 


04132 


33061 


£.: 




37 


43 4 


IG 56 


G1966 


95362 


66104 


33396 


04138 


3803* 


!3 




33 


43 66 


17 4 


61994 


95356 


66I3S 


33362 


01144 


38006 


iS 




33 


42 48 


17 12 


62021 


95850 


66171 


33829 


04150 


37979 


SI 






a 42 40 


3 17 SO 


9.62049 


H. 95344 


9.66204 


0.33796 


10.04166 


10.37961 


» 






42 32 


17 38 


. 62076 


95339 


66238 


33762 


04161 


37911 


19 




42 


42 24 


n 36 


62104 


95333 


66271 


33729 


01167 


37 896 






43 


42 16 


17 44 




96827 


66304 


33696 


01173 


37869 


17 




44 


42 8 


17 52 


62159 




66337 


33663 


04179 


S7S41 


16 




45 






9.62136 


ITysBls 


9.66371 


0.33629 




0.37814 


16 




46 


41 62 


13 8 


62S14 


96810 


C6404 


33696 


04190 


37786 


14 




47 


4t 44 


13 16 


62241 




66437 


33663 


04196 


37759 


13 






41 36 


IB 24 


62368 


95798 


66470 


33530 


04202 


37732 






49 


41 2B 


IB 32 


62296 


95792 


66S03 


33497 


04203 


377M 








3 41 20 


3 JB 40 


9.62333 


9.96786 


9.66537 


0.33163 


0.04214 


0.37677 






&1 


41 12 




62360 


95780 


66570 


33430 


01220 


37660 










IS 56 




95775 


66603 


33397 04225 


37633 






63 


43 66 




62405 


95769 


G6636 


33361 04231 


37395 






51 


41) 43 


19 12 


63432 


95763 


66669 


33331 04237 


37563 










J 19 20 


9.6|i469 


9.95767 


9.66702 


0.33398 10. 042M 


0.37541 






d6 


40 35 






95761 


G6735 


3326a 01249 


37614 






67 


40 24 


19 36 


eijis 




66763 


33232 04255 


37487 






63 


40 16 


IS 44 


62541 




66801 


33199^ 04261 


37469 






sn 


40 E 


19 62 


62568 


96733 


06834 


33166 04267 


37433 






j GO 


40 


20 


62596 


96728 


66867 


r^UL^i 


37406 a 1 




,lj«_ 


fourr.Jl 


ourA.» Co-alne.l 


_Slno_ 


Co-tsne 




S«»nt. ul 




'" 


►ra-- 














1..^ 


sT^ 





IflDegs 



Log. Sines, Tangents and Secants. 



JEfoarAj^Hourpjij Sine. 



Pegs. IM. 



8 



40 of 
99 511 
99 44 
99 96 
99 28 



9 SO 
SO 



■i 



8 99 
99 
99 
98 



SO 
IS 

4 
S6 
48 



8 98 
98 
98 
98 
98 



40 
9S 
S4 
16 
8 



BM. 



8 98 
97 9S 
97 44 
87 36 
97 28 



8.97 
97 
97 
36 
96 



IS 

4 
56 
48 



8 96 
96 
96 
36 
96 



4Q 
9S 

S4 

16 

8 



8 96 
95 5S 
95 44 
95 96 
95 28 



8 35 20 
95 IS 
95 4 
94 56 
94 48 



8 94 40 
94 3S 

94 24 
94 16 
94 8 



8 34 
33 52 
33 44 
33 36 
33 28 



8 

SO 16 
SO S4 
SO 32 



9.6S595 
686SS 
6S649 
6S676 
6S703I 



SO 40 

50 48 
to 56 

51 4 
SI 12 



81 20 
81 88 
SI 36 
SI 44 
81 5S 




8 



3 88 

• 88 16 

82 24 
22 32 



22 40 
22 48 

22 56 

23 4 
23 12 



23 20 
83 28 
23 36 
23 44 
23 52 




8 



24 
24 
24 16 
24 24 
24 32 



24 40 
24 48 

24 56 

25 4 
25 12 



3 25 20 
25 28 
25 36 
25 44 
25 62 




8 



26 
26 
26 16 
26 24 
26 32 



9.62730 
62757 
62784 
62811 
6S838 



9.62865 
62892 
62918 
62945 
62972 



9.62999 
63026 
^SOdS 
63079 
63106 



9.63133 
63159 
^3186 
63213 
63239 



9.63266 
63292 
63319 
63345 
63372 



9.63398 
63425 
63451 
63478 
63504 



9.6353J 
63557 
63583 
636 10 
63636 



9.63662 
63689 
63715 
63741 
63767 



9.63794 
63820 
63846 
63872 
63898 



Co-sine. 



Tangent 



9.95728 
95722 
96716 
95710 
95704 



9.95698 
95692 
95686 
95680 
95674 



9.95668 
956631 
95657 
95651 
95645 



9.95639 
95693 
95627 
95621 
95615 



9.95609 
95603 
95597 
95591 
95585 



9.95679 
95573 
95567 
95561 
955551 



9.95549 
95543 
95537 
95531 
95525 



9.95519 
95513 
96507 
95500 
95494 



9.96488 
95482 
95476 
95470 
95464 



9.95458 
95452 
95446 
95440 
95434 



9.66867 
66900 
66933 
66966 
66999 



9.67032 
67065 
67098 
67131 
67163 



9.67196 10.32804110.04332 
67229 32771 04337 
67262 32738 04343 
67295 32705 04349 
67327 32673 04355 



9.67360 
67393 
67426 
67468 
67491 



9.6752410 
67556 
67589 
67622 
67664 



9.67687 
67719 
67762 
67785 
67817 



9.67860 
67882 
67916 
67947 
67980 



9.68012 
68044 
68077 
68109 
68142 



9.68174 
68206 
68239 
68271 
68303 



9.68336 
68368 
68400 
68432 
68465 



Co-tang.| Secuit 



10.39133|10 
991001 
93067 
33034 
33001 



10. 32968110. 04302110. 
04308 
04314 
04320 



32935 
32902 
32869 
32837 



10.32640|10 
32607 
32574 

32642 
32609 



.32476 
324441 
32411 
32378 
32346 



10 



.32313 
32281 
32248 
33216 
32183 



10.32160 
32118 
32086 
32063 
32020 



10.31988 
31986 
31923 
31891 
31858 



10.31826 
31794 
31761 
31729 
31697 



10.3166410 
31632 
31600 
31568 
31636 



.04878 
04278 
04284 
04290 
04896 



04326 



Co-secmBti M 



10.37405 
97378 
97351 
37324 
37297 



37270 
37243 
37216 
37189 
37162 



.04361 
04367 
04373 
04379 
04386 



10.04391 
04397 
04403 
04409 
04416 



10.04421 
04427 
04433 
04439 
04446 



10.04461 
04467 
04463 
04469 
04476 



10.04481 
04487 
04493 
04600 
04606 



10.04612 
04518 
04524 
04530 
04536 



.04542 
04548 
04654 
04660 
04566 



60 

59 
58 
57 
56 



55 
54 

53 
52 
51 



10 



37136160 
37108! 49 
97082 48 



97055 
97028 



10.97001 
36974 
36948 
36921 
36894] 



10 



,36867 

36841 

36814( 

36787 

36761 



10 



36734 
36708 
36681 
36666 
36628, 



10.36602 
36675 
36549 
36622 
36496 



10.36469 
36443 
36417 
36390 
36364 



10.36338 
36311 
36286 
36269 
36233 



10.36206 
36180 
36164 
36128 
36102 



47 
46 



45 
44 

43 
42 
41 



40 
39 
38 
37 
36 



36 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 

16 



15 
14 
13 
12 
11 



8 33 SO 
39 18 
93 4 

38 56 
98 48 



86 40 
86 48 

86 56 

87 4 
87 18 



9.63924 
63950 
63976 
64002 
64028 



9.95427 
95421 
96416 
95409 
954031 



9.68497 
68629 
68561 
68693 
68626 



10.31503 
31471 
31439 
81407 
31374 



10.04673 
04579 
04686 
04591 
04597 



10.36076 
36050 
36024 
35998 
35972 



10 
9 
8 
7 
6 




8 92 40 
98 98 
98 84 
98 16 
98 8 
98 



9 27 80 
87 88 
87 36 
87 44 

87 52 

88 



9.64054 
64080 
64106 
64132 
64158 
641841 



9.95397 
95391 
95384 
95378 
95372 
95366 



9.68658 
68690 
68722 
68754 
68786 
68818 



10.31342 
31310 
31278 
31246 
31214 
31182 



ivrp.i|.fHoiirA.ii.' Co- sine. 



10.04603 
04609 
04616 
04622 
04628 
04634 



10.35946 
35920 4 



35894 
35868 
358|42 
35816 



3 
2 
1 




Bine. 



Cc 



C o-tang.^ Ta ngent 



Co-secant Secant \ M 



Degs. 64. 



i 



; I. 



26 "^5?- 



Log. Sines, I angcnts and ^canUi 




1 

3 

4 



b 

6 

7 
8 
9 



JO 
II 
IS 
13 
14 



16 
16 
17 
18 
19 



20 
21 

23 

24 



23 
26 
27 
23 
29 



30 
31 
3« 
33 
34 



40 
41 
42 
43 



4(1 
47 
48 
49 



60 
51 

52 
53 
54 



do 

56 
57 
58 
59 
60 



HourA.M. 



35 


8 27 20 


36 


27 12 


37 


27 4 


38 


26 56 


39 


26 48 



8 32 
31 52 
31 44 
31 36 
31 28 



8 31 20 
31 12 
31 4 
30 56 
30 48 



Hourp.M.| Sino. | Co-sine. | Tangent. 



3 28 
28 8 
28 16 
28 24 
28 32 



3 28 40 
28 43 

28 56 

29 4 
29 12 



8 30 40 
30 32 
SO 24 
30 16 
SO 8 



30 

29 52 
29 4i 
29 36 
29 28 



8 29 20 
29 12 
29 4 
28 56 
28 48 



a 28 40 
28 32 
28 24 
28 16 
28 8 



28 
27 52 
27 44 
27 36 
27 28 



8 26 40 
26 32 
26 24 
26 16 
26 8 



8 26 
25 52 
25 44 
25 36 

tan no 



3 29 201 
29 28 
29 36 
29 44 
29 62 





8 



3 30 
30 
30 16 
30 24 
30 32 



9.64184 
64210 
64236 
64262 
64288 



9.64313 
64339 
64365 
64391 
64417 



9.64442 
64468 
64494 
64519 
64546 



3 30 4(» 
30 48 

30 56 

31 4 
31 12 



3 31 20 

31 2[) 

31 3{\ 

31 41 

31 52 



3 32 
32 8 
32 16 
52 24 
32 32 



3 32 '«) 
32 48 

32 56 

33 4 
33 12 



3 33 20 
33 28 
S3 3('> 
33 U 
33 52 



9.64671 
64696 
64622 
64647 
64673 



9.64698 
64724 
64749 
64775 
64800 



9.64826 
61851 
64877 
64902 
64927 



9.64953 
64978 
65003 
65029 
65054 



9.65079 
65104 
65130 
65155 
65180 



9.66205 
65230 
65255 
65281 
65306 







3 34 
34 
34 IG 

34 24 
34 32 



8 25 20 
25 12 
25 4 
24 56 
24 48 



8 24 40 
24 32 
24 24 
24 16 
24 8 
24 01 



3 34 40 

34 48 
3* 56 

35 4 
35 12 



3 35 20 
35 28 
35 36 

35 441 

35 

36 



52 







I M iHoiirp.M. 'HourA .M. 



9.66331 
65356 
65381 
65406 
65431 



9.65456 
65481 
65506 
65531 
65556 



9.65580 
65605 
65630 
65665 
66680 
65705 



Co-sine. 



9.96366 
96360 
95354 
96348 
95341 



9.96335 
95329 
95323 
95317 
95310 



9.953ai 
95298 
96292 
96286 
96279 



9.93273 
96267 
96261 
952641 
95248 



9.96242 
96236 
96229 
95223 
95217 



9.96211 
952ai 
95198 
95192 
95185 



9.96179 
95173 
95167 
95160 
96154 



9.96148 
96141 
95135 
95129 
95122 



9.96116 
95110 
95103 
95097 
95090 



9.9.'i084 
95078 
95071 
95065 
96069 



9.68818 
68860 
68882 
68914 
68946 



9.68978 

69010 

69042 

69074 

'69106 



9.69138 
69170 
69202 
692341 
69266 



9.69298 
69329 
69361 
69393 
69426 



9.69467 
69488 
69520 
69552 
69584 



9.69616 
69647 
69679 
69710 
69742 



9.69774 
69806 
69837 
69868 
69900 



9.69932 
69963 
69995 
70026 
70068 



9.70089 
70121 
70152 
70184 
70215 



9.95052 
95046 
95039 
95033 
96027 



9.95020 
95014 
95007 
95001 
94995 
94988 



Sine. 



9.70247 
70278 
70309 
70341 
70372 



9. 70*104 
70435 
70466 
70498 
70529 



9.70560 
70692 
70623 
70654 
70685 
70717 



Co-tang. 



Co-tang. 



10.31022 
30990 
30968 
30926 
30894 



Secant |' 



Deg^lJS. 



10.31182 10.04634110.358161 
31160 
31118 
31086 
31064 



04640 
04646 
04662 



04669 



10.04666 
04671 
04677 
04683 
04690 



10.30862 10.04696 10.35668 



30830 
30798 
30766 
30734 



10 



.30702 
30671 
30639 
30607 
3067.^ 



10 



.30643 
30612 
30480 
30448 
30416 



10. 



30386 
30363 
30321 
30290 
30268 



10.30226 
30196 
30163 
30132 
30100 



10.30068 
30037 
30006 

29974 
29942 



10.29911 
29879 
29848 
29816 
29785 



10.29763 
29722 
29691 
29659 
29628 



10.29696 
29565 
29634 
29602 
29471 



10.29440 
29408 
29377 
29346 
29315 
29283 



Tangent. 



04702 
04708 
04714 
04721 



10 



.04727 
04733 
04739 
04746 
04752 



10 



10 



.04768 
04764 
04771 
04777 
04783 



10 



.04789 
04796 
04802 
04808 
04816 



10.04821 
04827 
04833 
04840 
04846 



04869 
04866 
04871 
04878 



10.04884 
04890 
04897 
04903 
04910 



35790 
35764 
35738 
35712 



10. 



36687 
35661 
35635 
35609 
35583 



3553S 
35506 

35481 
95455 



.3MS9 
35404 
35378 
35353 
353S7 



to. 



35302 
35276 
35251 
36225 
35200 



10 



36174 
35149 
35123 
35098 
36073 



10.35047 
35022 
34997 
34971 
34946 



10.04862110.34921 
34896 
34870 
34846 



34820 



10.04916 
04922 
04929 
04936 
04941 



10.04948 
04964 
04961 
04967 
04973 



10.34795 
34770 
34746 
34719 
34694 



10.34669 
34644 
34619 
34594 
34669 



10.04980 
04986 
04993 
04999 
06006 
0601^ 



Co-«ecant 



10.94644 
34519 
34494 
34469 
34444 



10.34420 
34395 
34370 
34345 
34320 
34295 



Secant 



M 



60 
59 
56 
57 
56 



55 
54 

58 
52 
51 



50 
49 
48 

4a 

46 



45 
44 
49 

42 
41 



40 
39 
38 
87 
38' 



35 
34 
33 

32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 

9 
8 
7 
6 



6 
4 
3 
2 
I 




M 



Pegs. 63. 



WPap. 



Log. Sines^ Tangents and Secants. 



HtMiTAJi.lHoiirpji 



8 M 
fS 

8S 
fS 





lit 

44 

36 
28 



8 SS 
S3 



20 3 
IS 
4 

56 
48 



8 82 



48 
3S 
S4 

16 
8 



8 SS 

91 
SI 

SI 
SI 





6S 
44 
S6 
SB 



8 SI SO 
SI 11 

SI 4^ 
SU 56 
90 48 



8 SO 40 
SO SS 
SO S4 
SO 16 
SO 8 



SO 
19 52 
19 44 
19 36 
19 S8 



8 19 SO 
19 12 
19 4 
18 56 
18 48 



8 18 
18 
18 
18 
18 



40 
82 

24 

16 

8 



8 18 
17 
17 
17 
17 




52 
44 
36 
28 



8 



17 SO 
17 12 
17 4 
16 56 
16 48 



8 



16 40 
16 32 
16 24 
16 16 



16 
16 



8 




Sf iHiHirr.». 



01 
8 



36 
36 
36 16 
36 24 
36 32 



ShM. 



36 401 

36 48 
3d 56 

37 4 
37 12 



37 SO 
37 S8 
37 36 
37 44 
37 5S 



38 
38 
38 16 
38 S4 
38 32 



3 38 40 
38 48 

38 56 

39 4 
39 12 



3 39 SO 
39 28 
39 36 
39 44 
39 52 



3 40 
40 
40 IG 
40 24 
40 32 



3 40 40 
40 48 

40 56 

41 4 
41 12 



3 41 20 
41 28 
41 36 
41 44 
41 52 



3 4S 
4S 
4S 16 
4S S4 
4S 32 



34S 40 
4S 48 
49 56 
43 4 
43 IS 



343 SOI 
43 S8 
43 36 

43 44 

44 



HonrA.M. 



9.65706 
657S9 
65754 
65779 
65804 



9.658S8 
65853 
65878 
65902 
65927 



9.65858 
65976 
66001 
66025 
66050 



9.66075 
66099 
661S4 
66148 
66173 



9.66197 
66221 
66246 
66270 
66295 



9.66319 
66343 
66368 
66392 
66416 



9.66441 
66465 
66489 
66513 
66537 



9.66562 
66586 
66610 
66634 
66658 



9.66682 
66706 
66731 
66755 
66779 



9.66803 
66827 
66851 
66875 
66899 



9.66922 
66946 
66970 
66994 
67018 



9.67042 
67066 
67090 
67113 
671S7 
67161 



Co-sine. 



Co-tine. 



9.94988 
94982 
94975 
94969 
94962 



9.94956 
94949 
94943 
94936 
94930 



9.94923 
94917 
94911 
94904 
94898 



9.94891 
94885 
94878 
94871 
9486j 



9.94858 
94852 
94845 
94839 
94832 



9.94826 
94819 
9^1813 
9480G 
94799 



9.94793 
9478C 
94780 
94773 
947G7 



9.947GU 
94733 
9474-1 
94740 
94734 



9.94727 
94720 
94714 
94707 
94700 



9.94694 
94687 
94680 
94674 
94667 



9.94660 
94654 
94647 
94640 
94634 



9.94627 
94620 
94614 
94607 
94600 
94593 



Sine. 



Tangent.} Co-tnng.j Secant 



9.70717 
70743 
70779 
70810 
70841 



9.70873 
70904 
70935 
70966 
70997 



9.71028 
71059 
71090 
71121 
71153 



9.71184 
7IS15 
71S46 
71S77 
71308 



9.71339 
71370 
71401 
71431 
71462 



9.71493 
715S4 
71556 
71586 
71617 



9.71648 
71679 
71709 
71740 
71771 



9.71802 
71833 
71863 
71894 
7192o 



9.71955 
71986 
72017 
72048 
72078 



9.72109 
72140 
7S170 
7SS01 
7S231 



9.7S262 
72293 
72323 
72354 
72.'«84 



9.78416 
72445 
72476 
72506 
72537 
78667 



10. S9S83 10.05018 10. S* 18951 



89852 
89821 
89190 
89159 



10.89127)10.05044110.34 178 

34it47 
341 22 
340.98 
340P73 



29096 
29065 
29034 



89003 



10.28972 
88941 
38910 
88879 
88847 



10.28816 
88785 
88754 
28723 
28692 



10.28661 
S8G30 
28599 
28569 
28538 



10.28507 
28476 
28445 
28414 
28383 



10.283o2{ 
28321 
28291 
28260 
28229 



05018 
05025 
05031 
05038 



05051 
05057 
05064 
05070 



10.05077 
05083 
05089 
05096 
05102 



10.05109110 
05115 
05122 
05129 
05135 



10.05142 
05148 
05155 
051G1 
05168 



10.051741 
05181 
05187 
05194] 
05201 



10.05307 
05214 
05220 
05227 
05233 



10.28198 
28167 
28137 
28106 
28075 



10.S8(U6 
28014 
27983 
S7952 
S79SS 



10.87891 
27860 
27830 
27799 
87769 



10.87738 
27707 
87677 
87646 
27616 



Peg s. 158. 



JCMrtl 



5r 



3<1871 

3<1846 
34 1821 
34 196 



60 
59 
58 
57 
56 



10.3404 8 
3408.1 



56 
54 
5& 
59 
51 



33999 4B 



33975 
33950 



.33985 
33901 
33876 
33852 
33827 



10.33803 
33779 
33754 
33730 
33705 



10 



.33681 
33657 
33632 
33608 
33584 



10. 



33559 
33535 
33511 
33487 
33*163 



10.05240 
05247 
05253 
05260 
05266 



10.05273 
05280 
05286 
05293 
05300 



10.05306 
05313 
05320 
05326 
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9.93382 


9.77691 


10.22409 


10.06618 


10.29027 


10 


51 


53 12 


6 48 


70994 


93375 


77619 


22381 


06625 


29006 


9 1 


52 


53 4 


6 56 


71015 


93367 


77648 


22352 


06633 


28985 


8 


53 


52 56 


7 4 


71036 


93360 


77677 


22323 


06640 


28964 


7 


54 


52 48 


7 12 


71058 


93352 


77706 


22294 


06648 


28942 


6 


55 


7 52r40 


4 7 20 


9.71079 


9.93344 


9.77734 


10.22266 


10.06656 


10.289S1 


5 


56 


52 32 


7 28 


71100 


93337 


77763 


22237 


06663 


28900 4 


57 


52 24 


7 36 


71121 


93329 


77791 


22209 


06671 


28879 3 


58 


52 16 


7 44 


71142 


93322 


77820 


22180 


06678 


28858 2 


59 


52 8 


7 52 


71163 


93314 


77849 


22151 


06686 


28837 


I 


60 


52 


8 


71184 


93307 


77877 


22123 


06.693 


28816 


_1 


W 


HOUTP.M.I 


HOUFA.M. 


Co-sine. 


Sine. 


Co-tang.iXangent.l 


Co-secant 


Secant 


Ml 



J..'-~V 



120 T>ej5s. 



Dejjs. 59 



/ 



Log. Sinesy Tangents and Secants. 



^iDep. 














Deg. 148. 


M 


HoiirA.M. 


Hoiirp.M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. Secant. 


Co-secant 


M 





7 52 


4 8 


9.71184 


9.93307 


9.77877 


10.2212310.06693 


10.28816 


60 


1 


61 52 


. 8 8 


71205 


93299 


779061 


220941 06701 


28795 


59 


s 


61 44 


8 16 


71226 


93291 


77936 


22065 06709 


28774 


58 


9 


61 36 


8 24 


71247 


93284 


77963 


22037 06716 


28753 


57 


4 


61 28 


8 32 


71268 


93276 


77992 


22008 


06724 


28732 


56 


fi 


7 61 20 


4 8 40 


9.71289 


9.93269 


9.78020 


10.21980 


10.06731 


10.28711 


55 


6 


61 12 


8 48 


71310 


932G1 


78049 


21951 


06739 


28690 


54 


7 


61 4 


8 56 


71331 


93253 


78077 


21923 


06747 


28669 


53 


8 


60 56 


9 4 


71352 


93246 


78106 


21894 


06754 


28648 


52 


9 


50 48 


^. 9 12 


71373 


93238 


78135 


21865 


06762 


28627 


51 


10 


7 60 40 


4 9 20 


9.71393 


9. 932. JO 


9.78163 


10.21837 


10.06770 


10.28607 


50 


11 


60 32 


9 28 


71414 


93223 


78192 


21808 


06777 


28686 


49 


12 


50 24 


9 36 


71435 


93215 


78220 


21780 


06786 


28565 


48 


19 


50 16 


9 44 


71456 


93207 


78249 


21751 


06793 


28544 


47 


14 


50 8 


9 52 


71477 


93200 


78277 


■ 21723 


06800 


28523 


46 


16 


7 60 


4 10 


9.71498 


9.93192 


9.78306 


10.21694 


10.06808 


10.28502 


45 


16 


49 52 


10 8 


71519 


93184 


78334 


21666 


06816 


28481 


44 


17 


49 44 


10 16 


71539 


93177 


78363 


216371 06823 


28461 


43 


18 


49 36 


10 24 


71660 


93169 


78391 


21609 06831 


28440 


42 


, 19 


49 28 


10 32 


71581 


93161 


78419 


21581 06839 


28419 


41 


20 


7 49 20 


4 10 40 


9.71602 


9.931.54 


9.784-48 


10. 21652ll0. 06846 


10.28398 


40 


1 21 


49 12 


10 48 


71622 


9311G 


78476 


216241 06854 
21495' 06862 


28378 


39 


; 22 


49 4 


10 56 


71643 


9313a 


78505 


28357 


38 


1 ^ 


48 56 


11 4 


71664 


93131 


78533 


21467 


06869 


28336 


37 


1 24 


48 48 


11 12 


71685 


93123 


78562 


21438 


06877 


28315 


36 


26 


7 48 40 


4 11 20 


9.71706 


9.U3I1/) 


9.78590 


10.2141(^ 


10.06885 


10.28295 


35 


26 


.48 32 


11 28 


71726 


93108 


78618 


21382 


06892 


28274 


U 


27 


48 24 


11 36 


71747 


93100 


78647 


21353 


06900 


28253 


33 


28 


48 16 


11 44 


71767 


93092 


78675 


21325 


06908 


28233 


32 


j 29 


48 8 


11 52 


71788 


93084 


78704 


21296 


06916 


28212 


31 


1 ao 


7 48 


4 12 


9.71809 


9.93077 


9.78732 


10.21268 


10.06923 


10.281^1 


30 


1 ^ 


47 52 


12 8 


71829 


93069 


78760 


21240 


06931 


28171 


29 


32 


47 44 


12 16 


71850 


93061 


78789 


21211 


06939 


28150 


28 


33 


47 36 


12 24 


71870 


93053 


78817 


21183 


06947 


28130 


27 


; 34 


47 28 


12 32 


71891 


93046 


78845 


21155 


06954 


28109 


26 


36 


7 47 20 


4 12 40 


9.71911 


9.93038 


9.78874 


10.21126 10.06962 


10.28089 


25 


36 


47 12 


12 48 


71932 


93030 


78902 


21098 


06970 


28068 


24 


. 37 


47 4 


12 56 


71952 


93022 


78930 


21070 


06978 


28048 


23 


38 


46 56 


13 4 


71973 


93014 


78959 


21041 


06986 


28027 


22 


39 


46 48 


13 12 


71994 


93007 


78987 


21013 


06993 


28006 


21 


40 


7 46 40 


4 13 20 


9.72014 


9.92999 


9.79015 


10. 20985'10. 07001 


10.27986 


20 


41 


46 32 


13 28 


72034 


92991 


79043 


20957' 07009 


27966 


19 


42 


46 24 


13 36 


72056 


92983 


79072 


20928 07017 


27946 


18 


.43 


46 16 


13 44 


72075 


92976 


79100 


■ 20900* 07024 


27926 


17 


44 


46 8 


13 52 


72096 


92968 


79128 


20872 07032 


27904 


16 


45 


7 46 


4 14 


9.72116 


9.92960 


9.79166 


10.20844>10.07040 


10.27884 


16 


46 


45 52 


14 8 


72137 


92952 


79185 


20815 07048 


27863 


14 


. 47 


45 44 


14 16 


72167 


92944 


79213 


20787 


07066 


27843 


13 


. 48 


45 36 


14 24 


72177 


92936 


79241 


20759 


07064 


27823 


12 


49 


45 28 


14 32 


72198 


92929 


79269 


20731 


07071 


27802 


11 


60 


7 45 20 


4 14 40 


9.72218 


9.92921 


9.79297 


10.20703 


10.07079 


10.27782 


10 


^1 


45 12 


14 48 


72238 


92913 


79326 


20674 


07087 


27762 


9 


62 


45 4 


14 56 


72269 


92906 


79354 


20646 


07095 


27741 


8 


63 


44 56 


15 4 


72279 


92897 


79382 


20618 


07103 


27721 


7 


64 


44 48 


15 12 


72299 


92889 


79410 


20690 07111 


27701 


6 


66 


7 44 40 


4 15 20 


9.72320 


9.92881 


9.79438 


10.2056210.07119 


10.27680 


6 


66 


44 32 


15 28 


72340 


92874 


79466 


20534 


07126 


27660 


4 


67 


44 24 


15 36 


72360 


92866 


79495 


20505 


07134 


27640 


3 


68 


44 16 


15 44. 


72381 


92858 


79523 


20477 


07142 


27619 


2 


69 


44 8 


15 52 


72401 


92850 


79551 


20449 


07160 


27599 


1 


60 


44 


16 


72421 


92842 


79579 


20421 


07158 


27579 





M J 


Hourp.M. 


HotirA.H.1 Cp-sine. 


Sine. 


Co-tang. 


Tangent. 


Co-secant Secant. 


M 


. i2i 


I>«g8. 














Dew. 


68. 



Log. Sinesy Tangents and Secants. 





32, Degs. 












- 


Degi 


1. 




M 


HOUFA.M. 


HourF.M. 


Sine. 


€k>-8ine. 


Tangent 


Co-tang. 


Secant. 


Co-secant 


m 





7 44 d 


4 16 


9.72421 


9.92842 


9.79679 


10.20421 10.07158 


10.27579 




1 


43 62 


16 8 


72441 


92834 


79607 


20393 


07166 


27559 






2 


43 44 


16 16 


72461 


92826 


79635 


20366 


07174 


27539 






3 


43 36 


16 24 


72482 


92818 


79663 


20337 


07182 


27518 






4 


43 28 


16 32 


725021 


92810 


79691 


20309 


07190 


27498 




5 


7 43 20 


4 16 40 


9.72522 


9.92803 


9.79719 


10.20281 


10.07197 


10.2747^ 






6 


43 12 


16 48 


72542 


92795 


79747 


20263 


07205 


274d8 






7 


43 4 


16 56 


72562 


92787 


79776 


20224 


07213 


27438 






8 


42 56 


17 4 


72682 


92779 


79804 


20196 


07221 


27418 






9 


42 48 


17 12 


72602 


92771 


79832 


20168 


07229 


27398 




10 


7 42 40 


4 17 20 


9.72622 


9.92763 


9.79860 


10.20140 


10.07237 


10.27378 






11 


42 32 


17 28 


72643 


92755 


79888 


20112 


07245 


27367 






12 


42 24 


17 36 


72663 


92747 


79916 


20084 


07253 


27337 






13 


42 16 


17 44 


72683 


92739 


79944 


20056 


07261 


27317 






14 


42 8 


17 52 


72703 


92731 


79972 


20028 


07269 


27297 




15 


7 42 


4 18 


9.72723 


9.92723 


9.80000 


10.20000 


10.07277 


10.27277 






16 


41 52 


18 8 


72743 


92716 


80028 


19972 


07285 


27257 






17 


41 44 


18 16 


72763 


92707 


80066 


19944 


07293 


27237 






18 


41 3G 


18 24 


72783 


92699 


80084 


19916 


07301 


27217 




- 


19 


41 28 


18 32 


72803 


92691 


80112 


19888 


07309 


357197 




20 


7 41 20 


4 18 40 


9.72823 


9.92683 


9.80140 


10.19860 


10.07317 


10.27177 






21 


41 12 


18 48 


72843 


92676 


80168 


19832 


07325 


27167 






22 


41 4 


18 66 


72863 


92667 


80195 


19805 


07333 


27137 






23 


40 56 


19 4 


72883 


92669 


80223 


19777 


07341 


27117 






24 


40 48 


19 12 


72902 


92651 


80251 


19749 


07349 


27098 


■ 


25 


7 40 40 


4 19 20 


9.72922 


9.92643 


9.80279 


10.19721 


10.07357 


10.27078 


« 




26 


40 32 


19 28 


72942 


92635 


80307 


19693 


07365 


2706a 


1 
« 




27 


40 24 


19 36 


72962 


92627 


80335 


19665 


07373 


27038' J 




28 


40 16 


19 44 


72982 


92619 


80363 


19637 


07381 


27018. ; 




29 


40 8 


19 52 


73002 


92611 


80391 


19609 


07389 


26998 


• 
« 


30 


7 40 


4 20 


9.73022 


9.92603 


9.80419 


10.19581 


10.07397 


10.26978 


, 




81 


39 62 


20 8 


73041 


92596 


80447 


19563 


07406 


26959 


; 




32 


39 44 


20 16 


73061 


92687 


80474 


19626 


07413 


26939 






33 


39 36 


20 24 


73081 


92579 


80602 


19498 


07421 


26919 






34 


39 28 


20 32 


73101 


92671 


80530 


19470 


07429 


26899 




35 


7 39 20 


4 20 40 


9.73121 


9.92663 


9.80558 


10.19442 


10.07437 


10.26879 






36 


39 12 


20 48 


73140 


92655 


80686 


19414 


07446 


26860 






37 


39 4 


20 56 


73160 


92546 


80614 


19386 


07454 


26840 






38 


38 56 


21 4 


73180 


92638 


80642 


19368 


07462 


26820 






39 


38 48 


21 12 


73200, 


92630 


80669 


19331 


07470 


26800 




40 


7 38 40 


4 21 20 


9.73219 


9.92622 


9.80697 


10.19303 


10.07478 


10.26781 






41 


38 32 


21 28 


73239 


92514 


80726 


19276 


07486 


26761 






42 


38 21 


21 36 


73269 


92606 


80753 


19247 


07494 


26741 






43 


38 16 


21 44 


73278 


92498 


80781 


19219 


07602 


26722 






44 


38 8 


21 ^2 


73298 


92490 


80808 


19192 


07510 


26702 




45 


7 38 


4 22 


9.73318 


9.92482 


9.80836 


10.19164 


10.07518 


10.26682 






46 


37 62 


22 8 


73337 


92473 


80864 


19136 


07527 


26663 






47 


37 44 


22 16 


73357 


92465 


80892 


19108 


07635 


26643 






48 


37 36 


22 24 


73377 


92457 


80919 


19081 


07543 


26623 






49 


37 28 


22 32 


73396 


92449 


80947 


19063 


07551 


26604 




50 


7 37 20 


4 22 40 


9.73416 


9.92441 


9.80976 


10.19026 


10.07559 


10.26684 






51 


37 12 


22 48 


73435 


92433 


81003 


18997 


07567 


26665 






52 


37 4 


22 56 


73455 


92425 


81030 


18970 


07675 


26546 




■ 


53 


36 66 


23 4 


73474 


92416 


81068 


18942 


07684 


26526 






54 


36 48 


23 12 


73494 


92408 


81086 


18914 


07692 26506 




56 


7 36 40 


4 23 20 


9.73513 


9.92400 


9.81113 


10.18887 


10.0760010.26487 






56 


36 32 


23 28 


73533 


92392 


81141 


18869 


07608 


26467 






57 


36 24 


23 36 


73562 


92384 


81169 


18831 


07616 


26448 






.58 


36 16 


23 44 


73672 


9237G 


81196 


18804 


07624 


26428 






.'-,9 


36 8 


23 62 


73691 


92367 


81224 


18776 


076381 


26409 




1 


fiO 


36 
tiourp.M. 


24 


73611 


92369 


81262 


18748 


07641 


26389 


1 


JNI 


UourA.M. 


Co-sine. 


Sine. 


Co-t€uig. 


Tangent. 


Co-secant 


Secant, i 



12:2 0(!gs. 



Degs. 




/ 



Log. Sinei, Tangents and Secants. 



Wl>eg.. 














Degi. 116. 


M 


I]ODri.>.|Ho<u-r». 


Sine. 


Co-3inP. 


langent. 


Co-Wng.l Secant. Co-«ccani| 


M 




7 36 1 24 






9.81252 


0.18748110.0764110.26389 


GO~i 




36 6S 21 B 


73630 


92351 


81279 


187Sll 07649 26370l 


69 




35 44 


14 16 


73650 


98343 


B1307 


18693 


07667 


S6350 








24 21 


73669 


92336 




18666 


07666 


26331 


57 




36 28 


2132 


73689 


92326 


81362 


18638 


07674 


26311 


56 








B,7370B 


9-92318 


9.81390 




0.07682 


0.26292 






33 la 


SI 43 




92310 


81418 


18582 


07690 


26273 


64 




33 4 


11 56 


73717 


92302 


81445 


18556 


0769S 


26253 






31 56 


25 4 


73766 


92893 


B1473 




07707 


26234 


62 




34 4B 


25 12 




92288 


81500 


13500 


07715 


2G215 


61 






4 25 20 


9.73805 


9.92277 


9,81528 


10.18172 


10.07723 


10.26195 


60 




34 35 


85 28 


73824 


92269 


81556 


18444 


07731 


26176 






34 84 


25 36 


73843 


92260 


81583 




07710 








34 16 


39 44 


7386; 


92252 


B1611 


18389 


07748 


26137 


17 




34 3 


25 62 




92244 


81638 


18362 


077 56 


26118 


i6 






4 26 


9.73901 


9.92235 




10.18331 


10.07765 


10.26099 


46 




33 52 


S6 B 


73921 


95227 


81693 


18307 


07773 


26079 






33 44 


26 11 


73940 


92219 






07781 


86060 


43 




33 36 




7^51 


92211 


81718 


18262 


07789 


26041 


43 




33 SB 


26 3; 




92202 


81776 


18221 


07798 


S6028 






7 33 20 


1 26 K 


9.7399' 


9.92194 


9. 81 803 


10.13197 


10.O7B06 


10.26003 


10 




33 IS 






92186 


81B31 


18169 


07B14 


269B3 


39 




33 4 


26 51 


71036 


92177 


81 858 


18142 


07823 


85961 


30 


*3 


35 56 


S7 4 


71055 


92169 


81886 




07831 


86945 


37 


M 


35 48 


87 12 




92161 


81913 


18087 


07839 


25926 


36 


SB 


7 38 *( 




9.7409: 


9.92152 


9.8194 




10.07818 


10.25907 


35 


ts 




27 28 




S2114 


eigee 


18032 


07865 


258B7 




S7 


32 S^ 


27 38 


74132 


92136 


81991 


18001 


07864 


86863 


33 


28 


32 16 




74151 


92127 




17977 


07E73 


25849 


38 


29 


32 8 


27 52 


71170 


92119 


8205- 




07881 


S6B30 




30 


7 32 


4 SB 


9.74189 


9.92111 


9.8207B 


10.17922 


10.07389 


10.S5B11 


30 


31 


31 52 


58 8 


71208 


92102 


82106 


17894 


0789B 


25792 


29 


32 


31 44 


88 16 


74227 


92094 


82133 




07906 


26773 






31 36 


28 24 


74946 


98086 


82161 


17839 


07914 


S6764 


87 


3* 


31 28 


sa 32 


74265 


920T7 


82188 


17818 


07923 


25735 


S6 




7 31 £0 


4 86 40 


9-742B. 


9.92069 


9.82215 


10.17785 


10.07931 


10.26716 


"26~ 


36 


31 12 


2S 48 




92060 


82213 


17767 


07910 


25697 


21 


37 


31 4 


28 56 


7132! 


92062 


82270 




07918 




23 


38 


30 56 


89 4 


7434 


92044 


82298 


1770! 


C79oG 


25659 






30 IB 


29 12 




98036 


82325 


17675 


07965 


25640 


21 


"m 


7 30 40 


4 29 80 


9.74379 


9.92087 


9.82352 


10.17618 


10.07973 


10.25621 




41 


30 32 


29 28 


71398 


92018 


82380 


17620 


07982 


26602 


19 


4S 


30 24. 


29 36 


74417 


92010 


82407 


17693 


07990 






43 


30 16 


29 44 


74436 


92002 


B943B 


17565 


07998 


3556^ 




44 


30 e 


29 55 


71155 


91993 


82462 


17638 




25516 


16 


4S 


7 30 


130 


9.74474 


9.91985 


9-88489 


10.17511 


10.08016 


10.85526 




4fi 


S3 52 


30 8 


71193 


91976 


82517 


1748; 


08024 


25507 


14 


47 


29 44 


30 16 


7161S 


91968 


B2614 




08038 


25188 


13 


48 


S9 36 


30 24 


74531 


91959 


8257 


17421 


0801 


25469 


12 




29 2B 


30 32 


74549 


91951 


82599 


17401 


08049 


26461 


11 


SO 


7 59 20 


4 30 40 




9.91912 


9.82626 


10.17374 


10. 08058 


10.26432 






29 15 


30 48 


74537 




88663 


17347' 08066 


25413 


9 


ei 


29 4 


30 56 


74606 


91926 




17319, OB076 


SfiS'Jl 




63 


28 66 


3t 4 


74625 


91917 




17298 08033 


35375 








31 !S 


74644 


91908 


8273 


17265 


08092 


25356 


6 


65 




4 31 20 




9.91900 


9-88762 




10.08100 


10.L:a33b 




£6 


SB 32 


31 88 


74681 


91891 


82790 


17210 


0810 


25319 




67 


28 S4 


31 36 


74701 


91883 


82817 


17183 


08117 


2S30( 


3 


58 


58 16 






91874 


82814 


17156 


0812 




8 






31 52 


7173- 


91366 


8237 






f!^\ * 1 


60 


30 


32 


74751, 


91857 


82E199 


17 10' 


0811 




nr 


HoMT.a. 


HoarA,« 


Co. sine. 


Sine. 




Tnneon. 


Co.seQar 


SewuiI. 1 M 1 


133 1 


fff. 






Dd 








"Degt. «. 



Log. Sines^ Tangents and Secants. 



I>6g»>14l 



M 


HOUTA-M. 


Hourp.M. 


Sine. 


Co-sine. 


Tangent. 


Co-tang. 


Secant 


Co-MCUtf| 







7 28 


4 32 


9.74756 


9.91857 


9.82899 


10.17101 


10.08143 


10.25244 


1 


I 


27 52 


32 8 


74775 


91849 


82926 


17074 


08151 


252261 




s 


27 44 


32 16 


74794 


91840 


82953 


17047 


08160 


26206 




3 


27 36 


32 24 


74812 


91832 


82980 


17020 


08168 


25188 




4 


27 28 


32 32 


74831 


91823 


83008 


16992 


08177 


2dl6« 




5 


7 27 20 


4 32 40 


9.74850 


9.91815 


9.83035 


10.16965 


10.08185 


10.2515M 




6 


27 12 


32 48 


74868 


91806 


83062 


16938 


08194 


25132^ 




7 


27 4 


32 66 


74887 


91798 


83089 


16911 


08202 


25113 




8 


26 56 


33 4 


74906 


91789 


83117 


16883 


08211 


25094 




9 


26 48 


33 12 


74924 


91781 


83144 


16856 


08219 


25076 




10 


7 26 40 


4 33 20 


9.74943 


9.91772 


9.83171 


10.16829 


10.08228 


10.25057 




11 


26 32 


33 28 


74961 


91763 


83198 


16802 


08237 


25039 




12 


26 24 


33 36 


74980 


91755 


83225 


16775 


08245 


25020 




13 


26 16 


33 44 


74999 


91746 


83252 


16748 


08254 


25001 




U 


26 8 


33 52 


75017 


91738 


83280 


16720 


08262 


24983 




15 


7 26 


4 34 (^ 


9.75036 


9.91729 


9.83307 


10.16693 


10.08271 


10.24964 




16 


25 52 


34 8 


75054 


91720 


83334 


16666 


08280 


24946 




17 


25 44 


34 16 


75073 


91712 


83361 


16639 


08288 


24927 




18 


25 36 


34 24 


75091 


91703 


83388 


16612 


08297 


24909 




19 


25 28 


34 32 


75110 


91695 


83415 


16585 


08305 


24890 




20 


7 25 20 


4 34 40 


9.75128 


9.91686 


9.83442 


10.16558 


10.08314 


10.24872 




21 


25 12 


34 48 


75147 


91677 


83470 


16530 


08323 


24853 




22 


25 4 


34 56 


75165 


91669 


83497 


16503 


08331 


24835 




23 


24 56 


35 4 


75184 


91660 


83524 


16476 


08340 


24816 




24 


24 48 


35 U 


76202 


91651 


83561 


16449 


08349 


24798 




25 


7 24 40 


4 35 20 


9.75221 


9.91643 


9.83578 


10.16422 


10.08357 


10.24779 




26 


24 32 


35 28 


75239 


91634 


83606 


16395 


08366 


24761 


* 


27 


24 24 


35 36 


75258 


91626 


83632 


16368 


08375 


24742 




28 


24 16 


35 44 


76276 


91617 


83659 


16341 


08383 


24724 




29 


24 8 


35 52 


75294 


91608 


83686 


16314 


08392 


24706 




30 


7 24 


4 36 


9.76313 


9.91599 


9.83713 


10.16287 


10.08401 


10.24687 


5 


31 


23 52 


36 8 


75331 


91591 


83740 


16260 


08409 


24669 


2 


32 


23 44 


36 16 


75350 


91582 


83768 


16232 


08418 


24650 


2 


33 


23 36 


36 24 


76368 


91673 


83795 


16205 


08427 


24632 


2 


34 


23 28 


36 32 


75386 


91565 


83822 


16178 


08435 


24614 


2 


35 


7 23 20 


4 36 40 


9.76406 


9.91666 


9.83849 


10.16151 


10.08444 


10.24595 


2 


36 


23 12 


36 48 


75423 


91647 


83876 


16124 


08453 


24577 S 


37 


23 4 


36 56 


75441 


91538 


83903 


16097 


08462 


24559 


1 


38 


22 66 


37 4 


76469 


91530 


83930 


16070 


08470 


24541 


1 

4 


39 


22 48 


37 12 


75478 


91521 


83957 


16043 


4)8479 


24522 


i 


40 


7 22 40 


4 37 20 


9.75496 


9.91512 


9.83984 


10.16016 


10.08488 


10.24504 




41 


22 32 


37 28 


75514 


91604 


84011 


15989 


08496 


24486 




42 


22 24 


37 36 


75533 


91495 


84038 


15962 


08505 


24467 




43 


22 16 


37 44 


75651 


91486 


84065 


15935 


08514 


2444S 




44 


22 8 


37 52 


75569 


91477 


84092 


15908 


08623 


24431 




45 


7 22 


4 38 


9.75587 


9.91469 


9.84119 


10.15881 


10.08531 


10.24413 


; 


46 


21 52 


38 8 


75605 


91460 


84146 


15854 


O8540 


2439^ 


t 


47 


21 44 


38 16 


75624 


91451 


84173 


15827 


08549 


24376 


'> 


48 


21 36 


38 24 


75642 


91442 


84200 


15800 


08558 


2435C 


\ 


49 


21 28 


38 32 


75660 


91433 


84227 


15773 


08567 


24340 


) 


16- 


7 21 20 


4 38 40 


9.76678 


9.91425 


9.84264 


10.16746 


10.08575 


10.24322 




51 


21 12 


38 48 


75696 


91416 


84280 


15720 


08584 


24304 


I 


52 


21 4 


38 56 


76714 


91407 


84307 


15693 


08593 


24286 




53 


20 56 


39 4 


75733 


91398 


84334 


16666 


08602 


2426T 


r 


54 


20 48 


39 12 


75761 


9138.9 


84361 


16639 


08611 


2424S 


1 


55 


T 20 40 


4 39 20 


9.76769 


9.91381 


9.84388 


10.16612 


10.08619 


10.24231 




56 


20 32 


39 28 


76787 


91372 


84415 


16585 


08628 


24215 


\ 


57 


20 24 


39 36 


76805 


91363 


84442 


16568 


08637 


2419£ 


> 


58 


20 16 


39 44 


76823 


91J54 


84469 


16531 


08646 


2417T 


r 


59 


20 8 


39 52 


75841 


91346 


84496 


15504 


08665 


241 5S 




60 


20 


40 


76869 


91336 


84623 


15477 08664 


24141 


M 


Hourp.M. 


HourA.M. 


Co-sine. 


Sine. 


Co-tang. 


Tangent. Co-secant 


Secant. 



124 Degs. 







Los. Sines, Tangents and Secants. 






fl?- 






Dess.144- 


WkoTA-U 


Bourp.H 


Sine. 


Co-sii,e 


'l„.,en 


Co-Iang 


SecanI, Co-secan 


M 


IK C 


440 C 


9.7685 


9.9133 


9,Bl.i2. 




10.0866410,24141 


60 


19 6 


40 


75877 


9132 


8155 


15461 


03672 S4123 


69 




40 1 


7589a 


9131 


8157 


1642 


036BI 24106 




19 3 


40 24 


76913 


9131 


8460 


1539- 




21037 


57 


19 S 




7693 


9130 


8163 


1637 


0869 


S4069 


66 


7 19 a 


4 40 4C 


9.75943 


9.9129 


9,8406 


10.15M. 


10.0870 


io.3«ai 




19 1 


40 4 


75967 


SIM 


8-16S 


1531 


0B71 


94033 






40 56 




9127 


Bill 


1528 


0872 


S10I5 


63 


18 6fi 


41 4 


7600. 


9126 


8473 


1526 




23997 




IE 48 


41 11 


7602 


9125 


8176 


1523 




23979 


61 


7 IB 40 


* 41 20 


9.76039 


9.9124) 


9,8479 


10,1620 


10,03762 


10-23961 




18 33 


41 28 


76067 


9123 




1518 


0876 


23943 


49 


18 24 




76075 


9!33( 


8181f 


1516 


08770 


S3 926 


4B 


18 IG 


41 44 


76093 




8137 


151S 


03779 


23907 




18 H 


41 52 


76111 


9121 


8189 




087 as 


23639 


46 


7 18 


4 42 


9.76129 


9.9120 


9.8492 


10,1507 


10. 08791 


10.23871 




17 as 


42 8 


76116 


9M9 






0330 


23851 


11 


17 44 


42 16 


76164 


9ilB 


S497 


1502 


08816 


23836 


43 




42 24 


76182 


9117 


8600 


1499 


08824 


S3318 


4S 


17 SB 


4! 32 


76200 








08333 


23B00 


41 


7 17 20 


4 4S40 




9.9115 


9,8505 


10,1491 


10.08 Bi; 


10.2378S 


40 


17 IS 


, 4! 48 


*76236 


9111 








S3764 


39 


n 4 


42 56 


76253 


9114 


3611 


1438 


0385; 


23747 


38 


16 66 






9113 


S514C 


1186 


0806; 


23729 


37 


16 4S 


43 12 


76889 




8616 


1433 




23711 


36 


7 16 40 




9-76307 


9.91114 


9-8519 


10. 1480 


1U.OBB36 


10.23693 


36 


16 3S 


43 SB 


763S1 


9110 


9622 


14730 


08896 


23676 


34 


16 2^ 


43 36 


76342 


9109 


8621 


1175 


0B904 


23663 




16 16 


43 44 


76360 


9106 


S627 


14721 


08913 


23640 32 1 1 


J6 8 


43 6! 


76373 


9107 


8630(1 


14700 


039« 


2362S 




7 J6 


4 44 


9.76*396 


g.yiofi 


9,85321 


10.11673 


10,08931 


10.23605 


TtP 


IS 52 


44 8 


76113 


91060 


36354 


11646 


OB940 




29 


IB 44 


*4 16 


76431 


9106 


85330 


14620 


08911 


23569 


28 


Ifi 36 


44 S4 


76448 




S5407 


11593 




23652 


n 


16 S3 


44 32 


76166 


91033 


85434 


14566 


0896: 


23634 


26 


7 15 SO 


4 44 40 


9.76484 




9.85460 


10.1154< 


10.03977 


10.23616 


25 


15 IS 


44 -1.8 


76501 




85487 




OB936 


23499 


24 


16 4 


44 56 


76619 


91006 




14486 


08995 


23481 




14 56 




76537 


90991 


85641 


14461 


09004 


23163 


IS 


14 4B 


45 12 


7666* 








09013 


23146 




7 14 40 


4 45 20 


9.7657S 


9.90978 


9,8559- 


10.11406 


10-09031 


10.23428 


"20~ 


14 32 


46 28 


76590 


90969 




14330 


09031 


93410 


19 


14 E4 


46 36 


76607 


90960 


Biei: 


14363 


09010 


23393 


IB 




46 44 


766S5 


90961 


B567.i 


1432f 


09O49 


23375 


YI 


14 8 


46 52 


76642 


90942 






09058 




16 


TWO 


4 4« 


9.76660 


9.90933 


9.85727 


10.14273 


10.09067 


10.23340 


T5- 


13 55 


46 8 


76671 


90924 


35754 


14246 


09076 


23323 




IS 44 




76695 


90915 


35700 


11220 


090B6 


23305 


13 




46 24 


76712 




85807 


11193 


09094 




12 


13 2B 


46 32 


76730 


90896 


8SG34 




09104 


23270 






446 40 


9.76717 


9,90887 


9,86860 


10,11140 


10,091i; 


10-23263 


To" 


13 12 


46 48 




90878 


85887 


11113 




23235 


9 


13 4 


46 66 


76782 


90869 




I'WBl 


09131 


23S13 


S 


1! 66 


47 4 


76800 


90B6O 


86910 


14060 


09110 


23200 


1 


12 4B 


17 n 


76817 


90851 


35967 


14033 


09119 


23183 


6 


7 IS 40 


4 47 20 


9,76836 


9,90842 


9,85993 


to, 14001 


10.09168 


0.2316i 




IS 32 


47 se 


76862 




B60S0 




09168 


23118 


4 


!5 24 




76870 


90823 


eG046 


13954 


09177 


23 1 3D 


3 




47 44 


76887 


90811 


86073 


139S7 


09186 


23113 


% 


12 B 


47 62 


76901 


90805 


8GI00 


13900 


09196 33096 1 1 . 


IS 






907D6 


86126 


13874 


09201 23070 


HDUrP.H.IUoUTA.M. 


Co-slne. 


Sino. 


Co-talig- 


Ti^ct, 


Co-wrnm SecBnl- M 1 



36Dcgg. 



Log. Sines, Tangents and Secants. 



Dega. 143. 



M IHourA.M. Hoiirp.M 




1 

2 
S 

4 



I 



5 
6 

7 
8 
9 



10 
11 
IS 
13 
14 



15 
16 
17 
18 
19 



20 
21 
22 
23 
24 



26 
26 

27 
28 
29 



SO 
31 
32 
33 
34 



35 
36 
37 
38 
39 



40 
41 
42 
43 
44 



45 
46 
47 
48 
49 



50 
51 

52 
53 
54 



55 
56 
57 
58 
59 



12 
11 52 
11 44 
11 36 
11 28 



11 20 
11 12 
11 4 
10 56 
10 48 



10 40 
10 32 
10 241 
10 16 
10 8 



10 
9 
9 
9 
9 




52 
44 
36 

28 



9 
9 
9 



20 

12 

4 

8 56 
8 48 



8 40 
8 32 
8 24 
16 

8 



8 
8 



8 
7 52 
7 44 
7 36 
7 28 



7 20 
7 12 
7 4 
6 56 

6 48 



6 40 
6 32 
6 24 
6 16 
6 8 



6 
5 52 
5 44 
5 36 
5 28 



5 20 
5 12 
5 4 
4 56 
4 48 



7 4 40 
4 32 
4 24 
4 16 
4 8 



60 4 
M iHourp.M.lH 



4 48 

48 
48 
48 
48 



Sine. I Co-sine. 





8 

16 

24 

32 



9.76922 9.90796 



4 48 
48 
48 
49 
49 



40 
48 
56 
4 
12 



4 49 
49 
49 
49 
49 



20 
28 
36 

44 
52 



50 
50 
50 
50 
50 





8 

16 

24 
32 



50 40 
50 48 

50 56 

51 4 
61 12 



51 20 
51 28 
61 36 
51 44 

51 52 



52 
62 
52 16 
52 24 
52 32 



4 52 40 
52 48 

52 56 

53 4 
53 12 



53 20 
53 28 
53 36 
53 44 
53 52 



4 54 
64 

'64 16 
54 24 
64 32 



54 40 
54 48 

54 56 
65 4 

55 12 



4 55 20 
55 28 
55 36 
65 44 

55 52 

56 



76939 
76957 
76974 
76991 



9.77009 
77026 
77043 
77061 
77078 



9.77096 
77112 
77130 
77147 
77164 



9.77181 
77199 
77216 
77233 
77250 



9.77268 
77285 
77302 
77319 
77336 



9.77353 
77370 
77387 
77405 

77422 



9.77439 
77456 
77473 
77490 
77507 



9.77524 
77541 
77558 
77675 
77592 



9.77609 
77626 
77643 
77660 
77677 



9.77694 

• 77711 

77728 

77744 

77761 



9.77778 
77795 
77812 
77829 
77846 



126 Degs. 



OUFA.M. 



9.77862 
77879 
77896 
77913 
77930 
77946 



90787 
90777 
90768 
90759 



Tane:ent. 



90750 
90741 
90731 
90722 
90713 



,90704 
90694 
90685 
90676 
90667 



9.90657 
90648 
90639 
90630 
90620 



9.90611 
90602 
90692 
90583 
90574 



9.90566 
90555 
90546 
90537 
90527 



9.90518 
90509 
90499 
90490 
90480 



9.90471 
90462 
90452 
90443 
90434 



9.90424 
90415 
90406 
90396 
90386 



9.90377 
90368 
90368 
90349 
90339 



9.90330 
90320 
90311 
90301 
90292 



Co-sine. 



9.90282 
90273 
90263 
90234 
90244 
90233 



9.86126 
86163 
86179 
86206 
86232 



Co-tang.l Secant. 



9.86259 
86286 
86312 
86338 
86365 



9.86392 
86418 
86445 
86471 
86498 



9.86524 
86651 
86577 
86603 
86630 



9.86656 
86683 
86709 
86736 
86762 



9.86789 
86816 
86842 
86868 
86894 



9.86921 
86947 
86974 
87000 
87027 



9.87053 
87079 
87106 
87132 
87138 



9.87185 
87211 
87238 
87264 
87290 



10.13874 
13847 
13821 
13794 
13768 



10.13741 
13715 
13688 
13662 
13635 



10 



13608 
13582 
13555 
13529 
13502 



10 



13476 
13449 
13423 
13397 
13370 



10. 



13344 
13317 

13291 

132641 

13238 



10. 



13211 
13185 
13168 
13132 
13106 



10 



13079 
13053 
13026 
13000 
12973 



10.12947 
12921 
12894 
12868 
12842 



10.12813 
12789 
12762 
12736 
12710 



9.87317 
87343 
87369 
87396 
87422 



9.87448 
87473 
87301 
87527 
87554 



Sine. 



10.12683 
12657 
12631 
12604 
12578 



10.12352 
12525 
12499 
12473 
12446 



10.12420 
12394 
12367 
12341 
12315 
12239 



10.09204110 
09213 
09223 
09232 
09241 



Co-aecantt M 



.230781 
23061 
23043 
S3026 
23009 



10.09260 
09259 
09269 
09278 
09287. 



10.22991 
22974 
22957 
22939 
22922 



10.09296 
09306 
09316 
09324 
09333 



10 



.22906 
22888 
22870 
22863 
22836 



10.09343 
09352 
09361 
09370t 
09380 



10. 



10 



.228191 
22801 
22784 
22767 
22750 



09389 10 

09398' 

09408 

09417 

09426 



10, 



09436 
09446 
09454 
09463 
09473 



.22732 
22715 
S2698 
22681 
226641 



60 

69 
68 
67 

56 



55 
54 
53 
51 

iL 

dO 
49 
48 

47 1 
46 



46 
44 

43 
42 
41 



40 
39 
38 
37 
36 




S269 
226781 



10, 



09482)10, 

09491! 

095011 

09510 

095201 



22661 
22644 
22627 
22610 
22493 



10.09529)10.22476 



09538 
09548 
09657 
09566 



22469 
22442 
22426 
22408 



10, 



.09576 
09585 
09596 
09604; 
09614 



10 



22391 
22374 
22367 
22340 
22323 
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83351 
83365 
83378 



HoiiFA.M.i Co-sine. 



9.86530 
86518 
86507 
86495 
86483 



9.864721 
86460 
86448 
86436 
86425 
86413 



Sine. 



95495 
95520 
95545 



io.i!ij.'j';:io, 
oi-v.i! 

0450:»j 
OUJO' 
041.wl 



9.1'5.'j71 
95596 

95647 
95672 



9.95698 
95723 
05748 
95774 
95799 



9.95825 
95850 
95875 
95901 
95926 



9.95952 
95977 
96002 
96028 
96053 



9.96078 
06104 
96129 
96155 
96180 



9.96205 
96231 
96256 
96281 
06307 



9.96332 
96357 
06383 
96408 
964331 



9.96459 
96484 
96510 
96535 
96560 



9.96586 
96611 
96636 
96662 
96687 



9.96712 
96738 
96763 
96788 
96814 



9.96839 
96864 
96890 
96915 
96940 
96966 



Co-tang. 



10.O4429;l0. 
044iU 

ai3.j3 

01328 



10.04302 10. 
04277 
012i»2 
04226 
04201 



10.04175 
04150 
04125 
04099 
0-10741 



10.04048 
04023 
03993 
03972 
03947 



10, 



10. 



10.03922 
03896 
03871 
03845 
03820 



10. 



10.03795 
03769 
03744 
03719 
03693 



10.03668 
03643 
03617 
03592 
03567 



10.03541 
03516 
03490 
03465 
03440 



10.03414 
03389 
03364 
03338 
03313 



10.03288 
0326SI 
03237 
03212 
03186 



10.03161 
03136 
03110 
03085 
03060 
03034 



Tangent. 



10. 



10. 



10. 



10. 



10, 



10. 



2:)93ilU.l7449i 6( 



2yw 

2915 
2927 
2930 



174351 5: 
17421 
17407 
17393 



2y50;o. 17379 



21»61 
2972 
2984 
2995 



3007 lU. 17309 



3018 
3030 
3041 
30531 



3064 
8076 
3037 
3098 
3110 



3121 
3133 
3145 
3156 
3168 



3179 
3191 
3202 
3214 
3225 



3237 
3248 
3260 
3272 
3283 



3S95 
3306 
3318 
3330 
3341 



3353 
3365 
3376 
3388 
3400 



3411 
3423 
3435 
3446 
3458 



3470 
348S 
3493 
3505 
3517 



3528 
3540 
3552 
3564 
3575 
3587 



Co-secant 



17365 
17351 
17337 
17323 



17295 
17281 
17267 
17253 



10 



.17239 
17225 
17212 43 
17198 
17184 



10 



17170 
17156 
17142 
17128 
17115 



10 



17101 
17087 
17073 
17059 
17045 



10.17032 
17018 
17004 
16990 
16977 



10.16963 
16949 
16935 
16922 
16908 



10 



16894 
16880 
16867 
16853 
16839 



10 



16826 
16812 
16798 
16785 
16771 



10.16758 
16744 
16730 
16717 
16708 



10.16690 
16676 
16662 
16649 
16635 
16622 



b«cant 



l>gs.4*« 



43Deg8. 



jutOg. Sines, Tangents and Secants. 



M 




1 

2 

3 

£ 

5 
6 
7 
g 
9 



10 
11 
12 
13 
14 



15 
16 
17 
13 
19 



UourA.M.|Uoiirp.M. 



20 
21 
22 
23 
24 



25 
26 
27 
28 
29 



30 
31 
32 
33 
34 



40 
41 

42 
43 
44 



4d 
46 

47 
48 
49 



6 16 
15 32 
15 44. 
15 36 
15 28 



15 20 
15 12 
15 4 
U 5G 
14 48 



14 40 
14 32 
14 24 
14 16 
14 8 



6 14 
13 52 

13 44 
13 36 
13 28 



13 20 
13 12 
13 4 
12 56 
12 48 



3d 


6 11 20 


36 


11 12 


37 


11 4 


38 


10 5G 


39 


10 48 



60 
51 
52 
63 
64 



65 
36 
67 
68 
69 
60 



M 



12 40 
12 32 

12 24 
12 16 
12 8 



12 
11 
11 
11 
11 





52 
44 
36 
28 



10 40 
10 32 
10 24 
10 16 
10 8 



10 
9 52 
9 44 
9 36 
9 28 



9 20 
9 12 
9 4 
8 56 
8 48 



8 40 
8 32 
8 24 
8 16 
8 8 
8 



Hourp.M. 




8 



5 44 

44 
44 16 
44 24 
44 32 



8ine. 



44 40 
44 48 

44 56 

45 4 
45 12 



5 45 20 
45 28 
45 36 
45 44 
45 52 



5 46 
46 8 
46 16 
46 24 
46 32 



5 46 40 
46 48 

46 56 

47 4 
47 12 



9.83378 
83392 
83405 
83419 
83432 



9.83446 
83459 
83473 
83486 
83500 



9.83513 
83527 
83540 
83554 
83567 



9.83581 
83594 
83608 
83621 
83G34 



9.83648 
83661 
83674 
83688 
83701 



5 47 20 
47 28 
47 36 
47 44 

47 52 



5 48 

48 8 
48 16 
48 24 
48 32 



5 48 40 
43 48 

48 56 

49 4 
49 12 



49 20 
49 28 
49 36 
49 44 

49 62 



5 50 
50 8 
50 16 
60 24 
50 32 



50 40 
50 48 

50 56 

51 4 
51 12 



51 20 
61 28 
51 36 

51 44 
61 52 

52 



UoilJ*A.M. 



9.83715 
83728 
83741 
83755 
83768 



9.83781 
83795 
83808 
83821 
838341 



9.838481 
83861 
83874 
83C87 
83901 



9.83914 
83927 
83940 
83954 
83967 



9.83980 
83993 
84006 
84020 
84033 



9.84046 
84059 
84072 
84085 
84098 



9.84112 
84125 
84138 
84151 
84164 
84177 



Co'sine. 



Co-sine. 



9.86413 
86401 
86389 
86377 
86366 



Tangent. 



9.9696610.03034 



9.86354 
86342 
86330 
86318 
86306 



9.86295 
06283 
86271 
86259 
86247 



9.86235 
86223 
86211 
86200 
86188 



9.86ri6 
86164 
86152 
86140 
86128 



9.86116 
86104 
86092 
86080 
86068 



9.86056 
86044 
860321 
86020 
86008 



9.85996 
85984 
85972 
83960 
85948 



9.85936 
85924 
83912 
85900 
85888 



9.85876 
85864 
85851 
85839 
85827 



9.85815 
85803 
85791 
85779 
85766 



9.85754 
85742 
85730 
85718 
85706 
85693 



Sine. 



96991 
97016 
97042 
97067 



9.97092 
97118 
97143 
97168 
97193 



9.97219 
97244 
97269 
97295 
97320 



9.97345 
97371 
97396 
97421 
97447 



9.97472 
97497 
97523 
97648 
97573 



9.97598 
97624 
97649 
97<;74 
97700 



9.97725 
97750 
97776 
97801 
97826 



9.97861 
97877 
97902 
97927 
97953 



9.97978 
98003 
98029 
98054 
98079 



9.9810410 
98130 
98155 
98180 
98206 



9.98231 
98256 
98281 
98307 
98332 



9.98357 
98383 
98408 
98433 
98458 
98484 



Co-tang. 



Secant. 



10. 



03009 
02984' 
02958 
02933 



10 



02908 
02882 
02857 
02832 
02807 



10. 



02781 
02756 
02731 
02705 
02680 



10 



02655 
02629 
02604 
02579 
02553 



10 



.02628 
02503 
02477 
02452 

02427 



10.02402 
02376 
02351 
02326 
02300 



10 



.02275 
02250 
02224 
02199 
02174 



10 



10. 



10. 



10. 



10 



10, 



10, 



02149 
02123 
02098 
02073 
02047 



10.02022 
01997 
01971 
01946 
01921 



.01896 
01870 
01845 
01820 
01794 



10.01769 
01744 
01719 
01693 
01668 



10.01643 
01617 
01592 
01567 
01542 
01516 



10, 



10. 



10. 



10. 



10. 



3587 
3599 
3611 
3623 
3634 



3646 
3668 
3670 
3682 
3694 



3706 
3717 
3729 
3741 
3753 



3766 
3777 
3789 
3800 
3812 



3824 
3836 
3848 
3860 
3872 



3884 
3S96 
3908 
3920 
3932 



:5944 
3956 
3968 
3980 
3992 



4004 
4016 
4028 
4040 
4062 



4064 
4076 
4088 
4100 
4112 



4124 
4136 
4149 
4161 
4173 



4185 
4197 
4209 
4221 
42341 



4246 
4258 
4270 
4282 
4294 
4307 



Co-tang. Tangent. Go-sccant Secant. 



X. 3g8. 136. 



po-secant 



10.16622 



M 



60 



166081 69 



16695 
16581 
16668 



10.16654 
16641 
16527 
16514 
16600 



10 



16487 
16473 
16460 
16446 
16433 



10 



16419 
16406 
16392 
16379 
16366 



10. 



16352 
16339 
16326 
16312 
16299 



10.16285 
16272 
16259 
16245 
16232 



10.16219 
16205 
16192 
16179 
16166 



10.16162 
16139 
16126 
16113 
16099 



10.16086 
16073 
16060 
16046 
16033 



10.16020 
16007 
16994 
15980 
16967 



10.16954 
15941 
15928 
15915 
15902 



10.15888 
15875 
15862 
15849 
15836 
15823 



58 
57 
56 



65 
54 
53 
52 
61 



50 
49 
48 
47 
46 



45 
44 
43 

42 
41 



40 
39 
38 
37 
36 



35 
34 
33 
32 
31 



30 
29 
28 
27 
26 



25 
24 
23 
22 
21 



20 
19 
18 
17 
16 



15 
14 
13 
12 
11 



10 
9 
8 
7 
6 



5 
4 
3 
2 
1 




M 
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